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SKIMMED  MILK  AS  A  SUPPLEMENT  TO  CORN  IN 

FEEDING.* 

By  THOMAS  B.  OSBORNE  and  LAFAYETTE  B.  MENDEL. 

With  the  Cooperation  of  Alfred  J.  Wakeman. 

(From  the  Laboratory  of  the  Connecticut  Agricultural  Experiment  Station 

and  the  Sheffield  Laboratory  of  Physiological  Chemistry y 

Yale  University y  New  Haven.) 

(Received  for  publication,  July  30,  1920.) 

Practical  experience  has  shown  that  corn-meal  and  skimmed 
milk  form  a  combination  which  promotes  the  rapid  growth  of 
young  animals  as  well  as  poultry.  Laboratory  experience  has 
lately  shown  that  the  good  results  obtained  with  this  mixture  are 
due  to  the  fact  that  the  nutritive  deficiences  of  the  corn-meal  are 
made  good  by  the  constituents  of  the  milk.  As  the  high  cost  of 
these  food  products  makes  it  important  to  use  them  in  the  most 
efficient  proportions,  we  undertook  the  experiments  described  in 
this  paper.  These  were  made  with  the  following  considerations 
in  mind. 

The  food  intake  of  animals  is  chiefly  determined  by  their  calor- 
ific requirements.  In  agricultural  practice  com  or  corn-meal  usu- 
ally furnishes  the  major  part  of  the  calories  of  the  ration.  If 
skimmed  milk  is  fed  separately  and  before  the  corn-meal  the  ani- 
mal may  readily  eat  more  than  enough  to  supplement  properly  the 
com,  if  fed  milk  after  the  com  it  may  eat  too  little.  The  proper 
way  to  feed  these  products,  therefore,  would  be  to  mix  them  so 
that  both  may  be  eaten  at  the  same  time.  Such  a  method  would 
be  particularly  advantageous  for  those  who  have  an  irregular  sup- 
ply of  skimmed  milk  because  in  this  way  all  the  latter  would  be 
used  under  conditions  of  maximum  efficiency.  Furthermore  each 
individual  animal  would  get  more  nearly  its  proper  quota  of  the 

*  The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Washing- 
ton, Washington,  D.  C. 
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2  Skimmed  Milk  as  Corn  Supplement 

milk  than  if  it  were  allowed  to  drink  it  from  a  trough  in  company 
with  others. 

Our  first  experiment  was  designed  to  show  how  eflScient  a  mix- 
ture of  equal  weights  of  skimmed  milk  and  com-meal  would  be 
and  what  deficiencies,  if  any,  it  might  have.  We  intended  to 
repeat  this  experiment  using  a  smaller  proportion  of  skUnmed 
milk  if  the  mixture  of  equal  parts  proved  adequate,  but  this  has 
been  rendered  imnecessary  by  experiments  recently  described  by 
Hart  and  Steenbock^  who  state  that 

'*....  a  highly  efficient  protein  mixture  is  not  obtained  until  the  pro- 
portion of  liquid  milk  to  corn-meal  reaches  1:1;  in  this  proportion  the 
milk  nitrogen  will  constitute  approximately  30  per  cent  of  the  total  nitro- 
gen of  the  ration. 

These  data  relate  only  to  protein  efficiency  and  of  course  are  not  to  be 
interpreted  as  indicating  the  amount  of  milk  necessary  for  providing  an 
adequate  supply  of  vitamines  or  salts  to  an  animal  with  a  growth  rate 
similar  to  that  of  swine.'' 

Since  their  experiments  supplement  ours  and  ours  supplement 
theirs  in  respect  to  the  features  indicated,  we  here  present  our 
.results  with  the  approval  of  Hart  and  Steenbock.* 
.  We  fed  four  albino  rats  on  a  mixture  of  91.5  per  cent  of  yellow 
rcom-meal  and  8.5  per  cent  of  "Krystalak,"  a  preparation  of 
dried  skimmed  milk  containing  35  per  cent  of  protein  (N  X  6.38) 
and  2  per  cent  of  fat.  The  skimmed  milk  thus  furnished  one- 
quarter  of  the  11.55  per  cent  of  protein  which  the  food  contained, 
while  the  milk  fat  was  equal  to  only  0.16  per  cent  of  the  food  mix- 
ture. The  Krystalak  contained  8.37  per  cent  of  ash,  thus  contrib- 
uting  to  the  food  mineral  salts  equal  to  only  0.7  per  cent  of  the 
mixture. 

Hart  and  Steenbock's  experiments  show  that  the  protein  in 
.this  food  should  be  adequate,  both  in  quality  and  quantity.  Ac- 
cording to  Steenbock  and  Boutwell,'  88  per  cent  of  yellow  corn- 
meal  supplies  enough  of  the  fat-soluble  vitamine  for  normal 
growth  and  reproduction  of  albino  rats  when  a  salt  mixture  con- 

i  Hart,  E.  B.,  and  Steenbock,  H.,  J,  Biol.  Chem.,  1920,  xlii,  167. 

*  As  these  authors  have  stated  that  they  have  complete  experiments  with 
rats  similar  to  those  they  have  reported  with  pigs,  we  did  not  feel  at  liberty 
to  anticipate  their  publication  without  consulting  them. 

» Steenbock,  H.,  and  Boutwell,  P.  W.,  J,  Biol.  Chem.,  1920,  xli,  81. 
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taining  sodium  chloride,  calcium  lactate,  and  ferric  citrate  is  also 
added,  and  the  com  proteins  are  supplemented  with  casein.  We 
should  therefore  expect  our  food  mixture  to  be  adequate  in  re- 
spect to  this  food  accessory.  Since  71  per  cent,  or  more,  of  corn- 
meal  has  been  shown  by  McCoUum,  Simmonds,  and  Pitz*  to  sup- 


Chart  1.  Showing  the  efFect  of  Bupplemcoting  corn  witb  milk  in  the 
food  of  growing  rats.  In  Period  1  growth  was  limited  by  the  lack  of  suf- 
ficient suitable  Baits  in  the  mixture.  When  these  were  supplied  in  Period  2 
and  8ubse(|uently  by  addition  of  2  per  cent  of  our  salt  mixture,  good  growth 
was  secured.  Addition  of  a  vitaminc  preparation  obtained  from  yeast 
(Hats  5629,  5579)  did  not  exhibit  any  advantage,  thus  suggesting  that 
skimmed  milk  and  corn  in  the  proportions  used  furnish  sufficient  water- 
soluble  vitamine.    Other  details  are  referred  to  in  the  text. 
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ply  enough  of  the  water-soluble  vitamine  for  the  normal  growth 
of  albino  rats,  there  is  no  reason  to  suspect  that  our  food  mixture 
is  deficient  in  this  respect. 

The  only  question  that  deserves  serious  consideration  is  whether 
or  not  the  salts  supplied  by  the  milk  sufficed  to  supplement 
adequately  the  known  mineral  deficiencies  of  the  com.  In  the 
proportions  used  the  8  per  cent  of  Krystalak  contributed  only  0.7 
per  cent  of  inorganic  matter  to  the  ration.  The  results  of  our 
experiments  show  that  this  is  not  enough,  as  it  was  necessary  to 
add  some  of  our  standard  salt  mixture^  before  normal  growth 
was  made. 

Chart  1  shows  that  Rat  5625  grew  at  a  rate  greater  than  the 
normal  without  any  other  addition  to  the  diet  than  the  salt  mix- 
ture. Under  the  same  conditions  Rat  5618  grew  somewhat  bet- 
ter than  at  the  normal  rate  for  160  days,  but  during  the  next  80 
days  it  lost  a  little  weight.  This  was  recovered  within  2  weeks 
when  5  per  cent  of  butter  fat  was  added  to  its  ration.  During  a 
considerable  part  of  the  time  Rats  5629  and  5579  received  18  mg. 
dai'y  of  a  concentrated  preparation  of  the  water-soluble  vitamine 
Irom  yeast,  an  amount  previously  proved  to  supply  alone  enough 
of  this  vitamine  for  normal  growth.  The  chart  shows  no  beneficial 
effect  after  the  addition  of  this  preparation,  or  any  unfavorable 
effect  when  it  was  discontinued.  These  rats  did  not  grow  so  well 
as  the  other  two,  their  rapid  early  gains  during  the  first  130  days 
being  followed  by  very  slow  growth.  After  218  days  of  feeding, 
the  addition  of  5  per  cent  of  butter  fat  caused  no  better  growth. 

These  experiments  indicate  that  this  mixture  of  yellow  corn- 
meal,  skimmed  milk  solids,  and  salts  may  be  slightly  deficient  in 
the  fat-soluble  vitamine.  In  practice  such  a  mixture  rarely  forms 
the  sole  diet  of  young  animals  and  when,  as  is  generally  the  case, 
some  green  fodder  is  eaten  this  possible  deficiency  would  be  pro- 
vided for.  It  is  possible  that  the  deficiency  in  mineral  matter 
would  also  be  compensated  in  this  way,  but  it  would  be  well  to 
add  about  1  poimd  each  of  calcium  carbonate  and  sodium  chloride^ 
per  100  pounds  of  corn-meal  to  be  on  the  safe  side. 

*  The  composition  of  this  salt  mixture  is  given  by  Osborne,  T.  B.,  and 
Mendel,  L.  B.,  /.  BioL  Chem.t  1919,  xxxvii,  572. 

•C/.  McCoUum,  E.  V.,  Simmonds,  N.,  and  Parsons,  H.  T.,  /.  Biol. 
Chem.,  1919,  xxxvii,  105. 


RESPIRATION  OF  CEREAL  PLANTS  AND  GRAINS.* 

n.  RESPIRATION  OF  SPROUTED  WHEAT. 

By  C.  H.  bailey  and  A.  M.  GURJAR. 

(From  the  Division  of  Agricultural  Biochemistry ,  Minnesota  Agricultural 

Experiment  Station ,  St,  Paul,) 

(Received  for  publication,  June  21,  1920.) 

Respiration  in  frost-damaged  wheat  has  been  observed  by  us^ 
to  be  at  a  higher  level  than  in  normal  or  sound  wheat  of  the  same 
moisture  content.  This  was  believed  to  be  due,  in  part  at  least, 
to  the  higher  percentage  of  dextrose  and  other  simple  carbohy- 
drates in  the  frozen  wheat.  It  then  appeared  desirable  to  deter- 
mine the  effect  of  sprouting  upon  the  respiration  of  the  grain,  to 
ascertain  whether  or  not  this  form  of  unsoundness  in  bulk  grain 
could  be  expected  to  affect  its  keeping  qualities. 

A  quantity  of  normal  hard  spring  wheat  was  divided  into  three 
portions:  one  of  which  was  wetted  and  allowed  to  sprout  for  24 
hours  in  the  room  at  a  temperature  of  ±20°;  the  second  was 
sprouted  under  the  same  conditions  for  48  hours;  while  the  third 
was  used  in  its  original  stat<5  as  a  control.  The  sprouted  wheats 
\v(Te  rapidly  dried  by  spreading  them  out  in  a  thin  layer  and 
}>lowing  air  over  and  through  them  with  an  electric  fan.  They 
were  thus  reduced  to  a  moisture  content  of  about  12  per  cent. 
Each  of  the  three  samples  was  divided,  and  the  several  portions 
brought  to  different  percentages  of  moisture  by  the  addition  of 
varj^ing  (juantities  of  water.  After  standing  for  3  days  each  of 
these  was  sealed  in  a  tower,  incubated  at  37.8°C.  for  4  days,  and 
the  respired  CO2  determined. 

Chemical  analysis  of  the  several  samples  showed  the  normal 
wlieat  to  contain  0.16  per  cent  of  reducing  sugars  (calculated  as 

*  Pul)lishc(l  with  the  approval  of  the  Director  as  Paper  204,  Journal 
Series,  Minnesota  Agricultural  Experiment  Station. 

^  Bailey,  C.  H.,  and  Gurjar,  A.  M.,  Respiration  of  stored  wheat,  J.  Agric. 
Research,  1918,  xii,  685  (note  pp.  697-699). 
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ctrose),  while  the  samples  genninated  24  and  48  hours  con- 
ned 0.59  per  cent  ajid  1.11  per  cent  respectively,  the  ratios 
the  three  samples  being  14.4 :  53.2  :  100  in  the  order  named. 


PtOCtvT»Gt    or    MOIJTURC 


.  1.  Oraph  BhowiDg  the  relative  rates  of  respiration  of  normal  and 
sprouted  wheat. 


C.  H.  Bailey  and  A.  M.  Gurjar 


The  quantity  of  CO2  respired  by  each  of  these  samples  with 
different  percentages  of  moisture  is  shown  in  Table  I  and  in  Fig  1. 
The  latter  indicates  that  at  moisture  contents  of  12  to  16  per 
cent  the  sprouted  grain  respires  decidedly  more  vigorously  than 
the  normal  grain.  At  12.5  to  14  per  cent  of  moisture  the  ratios 
are  approximately  1 : 4 :  10  for  the  normal,  the  24  hour,  and  the 
48  hour  sprouted  samples,  which  are  not  far  different  from  the 
ratio  of  their  reducing  sugar  content. 

TABLE  I. 

Respiration  of  Normal  and  Sprouted  Spring  Wheat, 


Normal. 

Sprouted  24  hrs. 

Sprouted  48  hrs. 

Moisture. 

COt  respired 

per  100  gm. 

of  dry  matter 

in  each  24  hrs. 

Moisture. 

COi  respired 

per  100  gm. 

of  dry  matter 

in  each  24  hra. 

Moisture. 

COs  respired 

per  100  gm. 

of  dry  matter 

in  each  24  hrs. 

percent 

11.39 
12.27 
13.24 
14.23 
15.33 
15.94 

mg. 

0.216 
0.255 
0.320 
0.680 
3.660 
7.320 

percent 

12.19 
13.26 
14.36 
15.16 
16.01 

mg. 

0.615 

1.454 

3.580 

10.310 

24.270 

percent 
12.10, 

13.44 
14.28 
15.87 

mg, 

1.950 

4.010 

7.032 

24.720 

The  shapes  of  the  curves  are  somewhat  different  as  well.  Thus 
we  find  the  acceleration  of  respiration  with  increasing  moisture 
to  be  rather  gradual  between  12  and  14.5  per  cent  of  moisture 
in  the  case  of  normal  wheat,  while  the  sprouted  wheats  show  much 
greater  acceleration  between  these  limits. 

These  data  establish  that  respiration,  and  consequently  the 
quantity  of  heat  energy  released  per  unit  of  time  and  material, 
proceeds  at  a  higher  rate  in  sprouted  grain  than  in  normal  wheat. 
This  would  be  of  significance  in  conamercial  storage  of  bulk  cereals, 
and  in  grading  grain  when  the  grading  system  takes  cognizance 
of  respiration  and  keeping  qualities  in  storage. 


RESPIRATION  OF  CEREAL  PLANTS  AND  GRAINS.* 

m.  RESPIRATION  OF  RICE  PADDY  AND  MILLED  RICE. 

By  C.  H.  BAILEY  and  A.  M.  GURJAR. 

(From  the  Division  of  Agricultural  Biochemistry ,  Minnesota  Agrictdturid 

Experiment  Station^  St,  Paul,) 

(Received  for  publication,  June  21,  1920.) 

In  our  paper  on  the  respiration  of  stored  wheat^  we  discussed 
the  seat  of  respiration  in  the  wheat  kernel.  It  appeared,  from 
published  data,  that  respiration  was  most  active  in  the  germ  or 
embryo,  and  lowest  in  the  endosperm.  To  test  this  hypothesis 
further,  we  secured  a  series  of  samples  representing  rice  paddy, 
and  its  milled  products  at  different  stages  of  milling.  These 
were  furnished  by  Mr.  J.  Mitchell  Jenkins,  Superintendent  of 
the  Rice  Experiment  Station  at  Crowley,  Louisiana,  who  kindly 
obtained  them  from  one  of  the  Crowley  rice  mills.  The  rice  was 
of  the  Blue  Rose  variety,  1,000  average  kernels  of  which  weighed 
29.67  gm. 

We  proceeded  to  compare  the  respiration  of  the  rough  rice 
or  paddy  with  that  of  the  rice  from  the  "stone"  and  from  the 
"huller."  That  from  the  stone  had  practically  all  the  hulls 
removed,  as  well  as  part  of  the  germ,  while  the  rice  from  the 
huller  had  advanced  another  stage  in  the  milling  process,  and  had 
most  of  the  bran  and  germ  removed.  Portions  of  each  of  these 
three  kinds  of  material  were  brought  to  different  percentages  of 
moisture  by  the  addition  of  varying  quantities  of  water.  The 
treatment  accorded  them  and  the  method  of  determining  respir- 
atory activity  were  similar  to  those  employed  in  the  wheat  studies 
reported  in  the  paper  mentioned  above. 

In  Tables  I  and  II  and  Fig.  1  is  shown  the  relative  respiratory 
activity  of  these  samples.     Fig.  1  and  Table  II  indicate  plainly 

*  Published  with  the  approval  of  the  Director  as  Paper  205,  Journal 
Series,  Minnesota  Agricultural  Experiment  Station. 

*  Bailey,  C.  H.,  and  Gurjar,  A.  M.,  Respiration  of  stored  wheat,  J,  Agric, 

Research,  1918,  xii,  685. 
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that  the  rice  paddy  respires  much  more  vigorously  than  the  milled 
rice,  and  that,  as  the  milling  proceeds,  the  rate  of  respiration 
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Fia.  1.  Graph  showing  the  relative  rates  of  respiration  of  rice  paddy,  rice 
from  atone,  and  rice  from  huller. 

diminishes.  Thus,  the  rice  from  the  stones  respired  approxi- 
mately 0.6  and  that  from  the  huller  about  0.3  times  as  vigor- 
ously as  the  paddy. 


C.  H.  Bailey  and  A.  M.  Gurjar 
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Since  the  data  presented  in  Table  I  were  of  necessity  obtained 
in  working  with  lots  which  did  not  vary  uniformly  in  moisture 
content,  the  respiratory  activity  of  each  lot  at  even  percentages 
of  moisture  was  computed.  These  interpolated  data  are  given 
in  Table  II,  and  establish  the  relative  respiratory  activity  of  the 
several  lots  more  satisfactorily  than  the  values  given  in  Table  I. 

TABLE  I. 

Respiration  of  Paddy  and  Milled  Rice  Incubated  at  S7,S^C.  for  4  Days, 


Paddy. 

Rice  from  stone. 

Bice  from  huUer. 

Moisture. 

COs  respired 

per24lirs. 

for  each  100  gm. 

of  dry  matter. 

Moisture. 

COi  respired 

per  24  iirs. 

for  each  100  gm. 

of  dry  matter. 

Moisture. 

COi  respire.d 

per  24  hrs. 

for  each  100  gm, 

of  dry  matter. 

percent 

10.37 
12.15 
13.22 
14.12 
14.93 
16.11 

mg. 

0.27 
0.32 
0.52 
1.01 
2.20 
8.22 

percent 

10.93 
13.54 
14.75 
15.35 
16.47 

mg. 

0.27 
0.35 
1.03 
2.06 
6.82 

percent 

11.99 
12.87 
14.14 
15.03 
15.95 
16.73 

mg. 

0.13 
0.14 
0.29 
0.68 
2.27 
5.43 

TABLE  II. 

Interpolated  Quantity  of  Carbon  Dioxide  Respired  per  Unit  of  Time  and 

Material  at  Even  Percentages  of  Moisture, 


Sample. 

COs  respired  per  24  hrs.  for  each  100  gm.  of  dry  matter. 

12  per  cent 
moisture. 

13  per  cent 
moisture. 

14  per  cent 
moisture. 

15  per  cent 
moisture. 

16  per  cent 
moisture. 

Paddy 

mg. 

0.32 
0.29 
0.13 

mg. 

0.48 
0.32 
0.15 

mg. 

0.95 
0.60 
0.27 

mg. 

2.66 
1.46 
0.67 

mg. 
7.65 

From  stones 

"      huller 

4.70 
2.44 

The  acceleration  of  respiration  with  increase  in  moistiu'e  con- 
tent was  then  computed,  using,  as  in  the  studies  on  wheat,  the 


formula 


■'^m        •'»-m— 1 


in  which  K^  represents  the  rate  of  respi- 


Km-i 
ration  at  a  particular  percentage  of  moisture,  and  K^-i  represents 

the  rate  of  respiration  of  the  same  sample  containing  1  per  cent 

of  moisture  less  than  K^*    These  data  are  given  in  Table  III 
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and  show  that  the  acceleration  due  to  increasing  moisture  is  much 
the  same  in  all  three  samples.  This  is  also  indicated  by  Fig.  1. 
The  acceleration,  within  the  limits  studied,  is  materially  greater 
than  was  found  in  our  work  on  wheat.^ 


TABLE  III. 

Acceleration  of  Rate  of  Respiration  of  Rice  Paddy  and  Milled  Rice  with 

Increasing  Moisture  — 

^m-  1 


Sample. 

Acceleration  between  the  following  percentages  of  moisture. 

12  to  13  per  cent. 

13  to  14  per  cent. 
0.97 

0.88 
0.80 

14  to  15  per  cent. 

15  to  16  per  cent. 

Paddy 

0.50 
0,10 
0,15 

■ 

1.69 
1.43 
1.48 

1.99 

From  stones 

2.22 

"      huUer 

2.64 

The  results  of  this  study  appear  to  support  our  previous  con- 
clusion that  the  germ  or  embryo  is  the  seat  of  the  most  active 
respiration  in  a  typical  grain.  It  also  shows  that  with  different 
cereals  the  relative  acceleration  of  respiration  with  an  increase 
in  the  moisture  content  of  the  grain  varies  with  different  species, 
being  greater  in  rice  and  its  milled  products  than  in  hard  wheat. 

*  Bailey  and  Gurjar,*  p.  694. 


RESPIRATION  OF  CEREAL  PLANTS  AND  GRAINS.* 

IV.  THE  RESPIRATION  OF  FROSTED  WHEAT  PLANTS. 

By  C.  H.  bailey  and  A.  M.  GURJAR. 

(From  the  Division  of  Affriculturcd  Biochemistry,  Minnesota  Agricultural 

Experiment  Station,  St,  Paul,) 

(Received  for  publication,  June  21,  1920.) 

In  a  previous  paper^  we  presented  the  results  of  a  study  of  the 
respiration  of  wheat  which  had  been  frozen  in  the  field  before 
ripening.  It  appeared  that  the  grain  of  such  wheat,  which  had 
been  thus  frozen  and  subsequently  thawed,  respired  more  vigor- 
ously when  stored  in  bulk  than  did  normal  wheat  of  the  same 
moisture  content.  The  greatest  proportional  difference  was  ob- 
served when  the  respective  samples  contained  between  14.0  and 
16.5  per  cent  of  moisture. 

To  accoimt  for  these  differences  between  frosted  and  normal 
or  sound  wheat,  it  was  postulated  that,  after  freezing  and  then 
thawing,  hydrolysis  of  certain  complex  carbohydrates  probably 
proceeded  at  an  increased  rate.  The  products  of  this  hydrolysis, 
and  particularly  the  glucose  thus  produced,  apparently  constitute 
the  substrate  for  the  respiratory  enzymes.  The  increased  pro- 
portion of  substrate  may  have  accelerated  the  reaction  induced 
by  these  enzymes  and  thus  resulted  in  the  respiration  of  more 
CO2  per  imit  of  time,  and  consequently  the  liberation  of  more 
heat  energy. 

It  appeared  that,  if  this  hypothesis  was  soimd,  we  should  find 
that  on  freezing  and  then  thawing  the  entire  plant  before  it 
ripened  a  difference  in  the  respiration  of  such  material  and  of 
plants  not  frozen  should  be  observed.  We  accordingly  selected 
what  appeared  to  be  average  plants  in  a  field  of  Minnesota  No. 

*  Published  with  the  approval  of  the  Director  as  Paper  206,  Journal 
Series,  Minnesota  Agricultural  Experiment  Station. 

*  Bailey,  C.  H.,  and  Gurjar,  A.  M.,  Respiration  of  stored  wheat,  J.  Agric, 

Research,  1918,  xii,  685. 
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169  bluestem  wheat.  Plants  were  cut  at  diflferent  stages  of  growth, 
the  stems  being  severed  4  to  5  cm.  above  the  ground  level.  This 
was  done  at  9.30  a.m.  Half  of  these  plants  were  immediately 
frozen  by  placing  them  in  a  refrigerating  plant  at  a  temperature 
of  about  —  6°C.  The  following  morning  they  were  thawed  in 
the  air  and  then  sealed  in  long  glass  tubes  of  about  5  cm.  internal 
diameter.  The  other  half  of  the  plants,  which  were  not  frozen, 
were  placed  unmediately  after  harvesting  in  similar  glass  tubes. 
Both  lots  were  incubated  in  a  dark  thermostat  for  24  hours  at 
30°  and  the  respired  COj  was  determined  by  absorption  in  Ba(0H)2 
in  the  Truog  tower  as  described  by  Gurjar.* 

From  the  data  thus  secured  it  appeared  that  the  frozen  plants 
respired  more  vigorously  during  the  first  24  hours  after  thawing 
than  did  plants  which  had  not  been  frozen.    The  proportional 

TABLE  I. 

Respiration  of  Normal  and  Frozen  Wheat  Plants, 


Date  cut. 

Moisture  in 
plant. 

Weight  per  1.000 

kernels 

of  dried  grain. 

COs  respired  per  100  gm.  of  dry 
matter  in  24  hrs. 

Froien  plants. 

Normal  plants. 

1917 

Aug.    8 
"     15 
"     20 

percent 

51.57 
43.54 
35.03 

gm. 

21.89 

24.0 

29.5 

mg. 

3,719 
2,486 
1,811 

mg. 

2,852 
1,855 
1,722 

difference  is  not  so  great  as  was  observed  in  the  stored  grain. 
It  is  possible,  however,  that  the  differences  would  have  been 
•greater  had  measurements  been  made  after  the  material  had  stood 
B,  longer  time  after  thawing. 

The  data  given  in  Table  I  include  the  average  percentage  of 
moisture  in  the  plants  as  cut,  the  weight  per  1,000  kernels  of  the 
grain  in  the  head  after  it  had  been  cut  and  dried,  and  the  CO2 
respired  by  the  frozen  and  thawed,  and  the  unfrozen  plants.  The 
grain  was  nearly  ripe  enough  to  harvest  at  the  time  the  samples 
were  taken  on  August  20,  1917.  This  is  more  or  less  evident  from 
the  weight  per  1,000  kernels  on  that  date,  which  is  as  great  as  the 
average  weight  of  a  similar  number  of  ripe  kernels. 

*  Gurjar,  A.  M.,  The  adaptation  of  Tniog's  method  for  the  determina- 
tion of  carbon  dioxide  to  plant  respiration  studies,  Plant  Worldf  1917,  xx, 
288. 
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While  no  sweeping  conclusions  can  be  based  on  these  data,  they 
■suggest  that  the  extent  of  damage  to  the  grain,  as  viewed  from 
the  milling  and  baking  standpoint,  might  be  indicated  by  the 
rdative  difference  in  respiration  between  plants  frozen  and  thawed, 
and  plants  harvested  at  the  same  time  but  not  frozen.  As  the 
plants  approach  maturity  the  relative  difference  between  plants 
treated  in  these  ways  materially  diminishes.  The  damage  to 
the  grain  is  generally  conceded  to  diminish  similarly.  When  a 
point  is  reached  in  the  maturing  of  the  plant  where  freezing  and 
thawing  do  not  accelerate  respiration,  it  is  highly  probable  that 
the  grain  will  not  be  affected  in  its  milling  qualities  by  such 
treatment.  That  the  moisture  content  plays  an  important  part 
is  indicated  by  the  data.  Desiccation  accompanying  maturity 
suppresses  the  activity  of  the  enzymes  responsible  for  respiration, 
and  doubtless  similarly  suppresses  the  hydrolytic  enzymes  which 
omfavorably  affect  the  quality  of  the  grain. 


RESPIRATION  OF  CEREAL  PLANTS  AND  GRAINS." 

v.  note  on  the  respiration  of  wheat  plants 
infected  with  stem  rust. 

By  c.  h.  Bailey  and  a.  m.  gurjar. 

{From  the  Division  of  Agricultural  Biochemiatry,  Minnesota  Agricultural 

Experiment  Station,  St.  Paul.) 

(Received  for  publication,  June  21,  1920.) 

During  the  crop  season  of  1917,  a  series  of  studies  was  conducted 
involving  the  respiration  of  wheat  plants.  In  one  phase  of  this 
work  a  number  of  rust-infected  Marquis  wheat  plants  were 
selected  about  2  weeks  before  maturity,  and  cut  a  few  centimeters 
above  the  crown  of  the  plant.  These  plants  were  severely  in- 
fected, being  rated  at  between  80  and  90  per  cent  on  the  scale 
employed  by  the  office  of  Cereal  Investigations,  United  States 
Department  of  Agriculture. 

The  harvesting  was  done  at  9.30  a.m.,  and  the  plants  were 
sealed  at  once  in  glass  tubes.  At  the  same  time  a  like  number 
of  plants  of  the  same  variety  not  infected  with  rust  were  cut  and 
placed  in  similar  tubes.  Duplicates  of  both  lots  were  secured, 
and  these  were  placed  at  once  in  a  dark  thermostat  at  30°C. 
After  24  hours  the  tubes  were  removed  and  the  respired  COj 
w^as  determined. 

In  Table  I  are  shown  the  moisture  content  of  the  plants,  weight 
of  1,000  kernels  after  drying,  and  milligrams  of  carbon  dioxide 
respired  in  24  hours  (a)  per  100  gm.  of  dry  matter,  and  (6)  per 
plant.  The  rust-infected  plants  had  a  decidedly  lower  moisture 
content  than  the  sound  plants  on  the  day  they  were  cut  (August 
9,  1917),  due,  presiunably,  to  the  accelerated  transpiration  of 
rust-infected  tissues.'  The  moisture  content  was  actually  as  low 
as  that  of  normal  plants  in  an  adjoining  field  a  week  later.     The 

*  Published  with  the  approval  of  the  Director  as  Paper  207,  Journal 
Series,  Minnesota  Agricultural  Experiment  Station. 
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TABLE  I. 


Respiration  of  Normal  and  Rust-Infected  Marquis  Wheat  Plants  Harvested 

August  9,  1917, 


Sample. 


Normal  plants 

Rust-infected  plants. 


Moifiture 
in  plant. 


per  eerU 

56.06 
46.41 


Weight  per 

1.000 

kemelaof 

dried  crain. 


gm. 

19.54 
20.44 


COt  respired  in  24  hrs. 


Per  100 

gm.  of  dry 

matter. 


mg. 

2,904 
1,608 


Per  plant. 


61.46 
39.16 


kernels  in  the  heads  of  the  infected  plants  were  somewhat  heavier, 
although  the  difference  is  not  significant.  The  rate  of  respiration 
of  the  infected  plants  was  materially  lower  than  the  sound  plants. 
If  respiration  of  these  tissues  is  in  any  sense  a  measure  of  metabolic 
processes  it  appears  that  metabolism  was  decidedly  depressed 
in  the  rust-infected  plants.  This  may  afford  an  index  to  the 
metabolism  of  such  infected  material,  and  the  consequent  effect 
upon  the  filling  of  the  kernel. 


OCCURRENCE  OF  DIASTASE  IN  THE  SWEET  POTATO 

IN  RELATION  TO  THE  PREPARATION  OF 

SWEET  POTATO  SYRUP. 

By  H.  C.  gore. 

(From  the  Bureau  of  Chemiatryf  United  States  Department  of  Agriculturet 

Washington,) 

(Received  for  publication,  July  18,  1920.) 

The  manufacture  of  syrup  from  sweet  potatoes  by  the  use  of 
malt  has  long  been  a  matter  of  public  record.^  Directions  for 
the  small  scale  production  of  sweet  potato  malt  sjrup  were  issued 
by  the  Department  of  Agriculture  in  February,  1919.  The  neces- 
sity for  use  of  malt,  however,  apparently  has  prevented  any  wide 
use  of  the  method. 

Further  work  on  the  production  of  the  syrup  has  unexpectedly 
revealed  the  fact  that  the  sweet  potato  is  so  rich  in  diastase  that 
nearly  all  the  starch  becomes  converted  into  soluble  carbohydrates 
by  autolysis  upon  slow  cooking.  Moreover,  the  hot  pulp  formed 
by  crushing  the  cooked  sweet  potatoes  drains  readily,  thus  per- 
mitting the  easy  recovery  of  the  sweet  juices.  Sweet  potato 
syrup,  therefore,  can  easily  be  made  without  the  use  of  malt. 

The  method  consists  simply  in  so  heating  the  potatoes  in  the 
water  that  the  tissues  are  heated  at  the  temperature  of  maximum 
diastatic  activity  for  from  10  to  20  minutes,  then  heating  to  boil- 
ing in  order  to  soften  the  tissues,  crushing,  and  separating  the 
sweet  juices  from  the  insoluble  pulp.  The  juice  is  then  evapor- 
ated to  syrup  with  or  without  further  treatment. 

For  example,  1  kilo  of  Porto  Rico  potatoes  was  covered  with 
water  in  an  alumimmi  kettle,  placed  over  a  Fletcher  burner,  and 
the  water  heated  to  60°C.  The  gas  was  then  turned  down  and 
the  heat  appUed  very  slowly  so  that  the  temperature  gradually 
rose  from  60  to  80°C.  during  an  hoiu*  and  from  80°  to  the  boiling 
point  during  the  next  J  hour.    The  boiling  was  continued  for  J 

*  U.  S.  Patent  109,991  was  granted  to  Charles  Delamarre  on  December 

6,  1870. 
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hour,  when  the  potatoes  were  thoroughly  soft.  They  were  then 
mashed  in  the  water  in  which  they  were  cooked  and  enough  water 
was  added  to  form  a  thin  pulp.  The  sweet  juice  in  the  pulp  was 
then  freed  from  the  insoluble  pulp  ingredients  by  suction,  using  a 
Buchner  funnel  and  filter  paper,  and  the  residue  on  the  filter 
repeatedly  exhausted  with  hot  water.  The  filtrates  were  com- 
bined, evaporated  to  a  thin  sjrup,  and  weighed.  The  weight  was 
714  gm.  and  the  Brix  reading  at  20°C.  was  37.6°.  Thus,  714  X  37.6 
or  268.5  gm.  of  syrup  solids  had  been  exhausted  from  1  kilo  of 
sweet  potatoes.  The  dried  pulp  weighed  59  gm.  The  syrup  was 
finally  evaporated  to  a  solids  content  of  about  75  per  cent.  It 
was  a  sUghtly  tin-bid,  amber-colored  liquid  with  a  faint,  pleasant 
odor  and  a  sweet  taste,  with  a  slight  flavor  of  the  sweet  potato. 
It  contained  a  little  soluble  starch  as  shown  by  the  iodine  test, 
but  not  enough  to  cause  it  to  thicken  upon  standing. 

The  sweet  potatoes  can  be  prepared  for  extraction  by  simply 
cooking  them  in  water  as  in  preparing  for  table  use,  but  the  result- 
ing syrup  will  contain  enough  soluble  starch  to  cause  it  to  thicken 
upon  cooling  and  standing.  Tests  on  the  diastatic  power  of  ex- 
tracts of  sweet  potato  and  sweet  potato  flour  were  made  by  Lint- 
ner's  method  as  described  by  Brown.* 

Degrees 
LirUner 

Porto  Kico  fresh  pulp* 300 

Nancy  Hall    "       "    » 125 

Porto  Rico  flour* 500 

Nancy  Hall    "    « 300 

Big  Stem  Jersey  flour* 160 

SUMMARY. 

Sweet  potatoes  are  high  in  diastatic  power  and  it  is  possible  to 
convert  nearly  all  their  starch  into  soluble  carbohydrates  by  slowly 
cooking  the  potatoes  in  water.  The  pulp  formed  by  mashing  the 
cooked  potatoes  with  hot  water  drains  readily,  permitting  the 
easy  recovery  of  the  sweet  juice. 

•  Brown,  A.  J.,  Laboratory  studies  for  brewing  students,  New  York, 
1904.      . 

»  Reduced  to  pulp  in  a  Herles  press  (Herles,  F.,  8th  Internat,  Congr,  Appl. 
Chem.y  1913,  xxvi,  5). 

^  Produced  by  shredding  sweet  potatoes  with  beet  knives,  drying  in  a 
rapid  current  of  hot  air,  grinding,  and  bolting. 
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The  demonstration  upon  laboratory  animals  by  Osborne  and 
Mendel/  that  calcium  necessarily  occupies  a  prominent  place  in 
the  inorganic  food  supply,  and  that  of  McCoUum,  Simmonds, 
and  Parsons,^  that  calcium  is  one  of  the  limiting  factors  in  a  very 
large  proportion  of  our  staple  foods,  lends  added  interest  to  the 
measurement  of  the  calcium  requirement  in  man  and  the  com- 
parison of  the  amount  of  calciimi  required  for  normal  human 
nutrition  with  the  amounts  found  in  the  ordinary'  freely  chosen 
food  of  representative  families  or  other  groups  of  people. 

Results  obtained  in  this  laboratory  several  years  ago'  indicated 
that,  in  so  far  as  could  be  judged  from  the  limited  data  deter- 
mined at  that  time,  it  was  by  no  means  safe  to  assume  that  a 
freely  chosen  food  supply  would  always  furnish  calcium  in  quan- 
tity suflBcient  to  afford  a  safe  margin  above  the  actual  require- 
ments of  normal  nutrition. 

Further  study,  therefore,  seemed  desirable  and  the  purpose  of 
the  present  paper  is  to  summarize  the  data  of  a  considerable 
number  of  additional  laboratory  experiments  and  to  compare 
them  with  the  findings  of  further  observations  upon  actual  food 
supplies. 

*  Published  as  Contribution  No.  342  from  the  Department  of  Chem- 
istry, Columbia  University. 

*  Osborne,  T.  B.,  and  Mendel,  L.  B.,  /.  Biol,  Chem.,  1918,  xxxiv,  131. 

*  McCollum,  E.  v.,  Sinunonds,  N.,  and  Parsons,  H.  T.,  /.  Biol.  Chem,, 
1919,  xxxviii,  113,  and  in  numerous  other  papers. 

»  Sherman,  H.  C,  Mettler,  A.  J.,  and  Sinclair,  J.  E.,  U,  S.  Depl,  Agric, 
Off,  Exp,  Stations,  Bull,  227 y  1910. 
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In  addition  to  the  experimental  data  published  from  this 
laboratory  in  1910,'  1918,*  and  1919,**  of  which  the  latter  have 
been  recorded  without  as  yet  being  discussed,  studies  upon  the 
calcium  requirement  of  maintenance  have  been  made  upon  three 
healtl^  men,  Subjects  I,  E,  and  R. 

Subject  I,  weighing  61  kilos,  consumed  bread,  milk,  wheat 
breakfast  food,  egg  whites,  apple  (or  banana),  rice,  butter,  and 
coflfee,  his  daily  calcium  intake  during  each  of  six  -successive  4 
day  experiments  being  0.46, 0.41, 0.41, 0.42,  0.32, 0.32  gm.,  respec- 
tively. The  corresponding  output  in  each  of  the  six  experiments 
was:  in  urine,  0.15,  0.18,  0.20,  0.20, 0.20,  0.20;  in  feces,  0.42,  0.50, 
0.26,  0.34,  0.32,  0.21  gm.  per  day,  respectively  (Experiments  10  to 
15  in  Table  I). 

Subject  E,  weighing  69  kilos  (Experiments  56  to  58  in  Table 
I),  after  a  preliminary  period  on  calcium-poor  food,  took  during 
a  3  day  experiment  a  basal  ration  of  bread,  butter,  and  fruit 
with  a  calcium  intake  of  0.18  gm.  per  day;  the  daily  output  being 
0.42  gm.  (urine,  0.34,  feces,  0.08  gm.).  Without  intermission 
there  followed  another  3  day  experiment  in  which  milk  was 
added  to  the  diet  bringing  the  daily  calcium  intake  to  0.39  gm., 
the  output  being  the  same  (urine,  0.28,  feces,  0.11  gm.),  so  that 
equilibrium  was  established  at  this  figure.  Then  meat  (lean 
beef)  wa§  added  to  the  diet  with  the  result  that  the  daily  calcium 
intake  was  increased  by  0.01  gm.  and  the  output  rose  0.16  gm. 
(urine,  0.36,  feces,  0,19  gm.).  This  loss  of  body  csdcium  follow- 
ing the  addition  of  meat  to  the  diet  might  have  been  thought  to 
be  due  to  the  fact  that  the  added  meat  gave  to  the  diet  as  a 
whole  an  excess  of  acid-forming  over  base-forming  mineral  ele- 
ments; but  other  data  obtained  in  this  laboratory  (Sherman, 
Gillett,  and  Pope*)  do  not  indicate  any  such  marked  relation 
between  the  preponderance  of  acid-  or  base-forming  elements  in 
the  food  and  the  amount  of  calcium  needed  for  maintenance. 


*  Sherman,  H.  C,  Gillett,  L.  H.,  and  Pope,  H.  M.,  /.  BioL  Chem.,  1918, 
xxxiv,  373.  Sherman,  H.  C,  Wheeler,  L.,  and  Yates,  A.  B.,  /.  Biol.  Chem., 
1918,  xxxiv,  383.  Sherman,  H.  C,  and  Winters,  J.  C,  /.  Biol.  Chem., 
1918,  XXXV,  301. 

•  Sherman,  H.  C,  Winters,  J.  C,  and  Phillips,  V.,  /.  Biol.  Chem.f  1919, 
xxxix,  53. 
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TABLE  !.• 

Indicated  Calcium  Requirement  for  Maintenance  per  70  Kilos  of  Body  Weighi 

per  Day. 


Experi- 
ment No. 

Calcium. 

Experiment 
No. 

Calcium. 

Experiment 
No. 

Calcium. 

Experi- 
ment No. 

Calcium. 

gm. 

gm. 

gm. 

gm. 

1 

0.29 

25 

0.64 

49 

0.39 

73 

0.50 

2 

0.28 

26 

0.44 

50 

0.61 

74 

0.60 

3 

0.82 

27 

0.56 

51 

0.43 

75 

0.50 

4 

0.42 

28 

0.70 

52 

0.58 

76 

0.41 

5 

0.35 

29 

0.54 

53 

0.53 

77 

0.37 

6 

0.66 

30 

0.53 

54 

0.53 

78 

0.42 

7 

0.46 

31 

0.39 

55 

0.58 

79 

0.40 

8 

0.66 

32 

0.49 

56 

0.30 

80 

0.40 

9 

0.61 

33 

0.55 

57 

0.29 

81 

0.39 

10 

0.65 

34 

0.48 

58 

0.40 

82 

0.42 

11 

0.78 

35 

0.35 

59 

0.28 

83 

0.39 

12 

0.54 

36 

0.28 

60 

0.28 

84 

0.33 

13 

0.61 

37 

0.30 

61 

0.27 

85 

0.45 

14 

0.61 

38 

0.27 

62 

0.29 

86 

0.33 

15 

0.49 

39 

0.32 

63 

0.30 

87 

0.50 

16 

0.40 

40 

0.34 

64 

0.60 

88 

0.37 

17 

0.42 

41 

0.29 

65 

0.55 

89 

0.54 

18 

0.44 

42 

0.46 

66 

0.59 

90 

0.40 

19 

0.33 

43 

0.42 

67 

0.54 

91 

0.31 

20 

0.41 

44 

0.41 

68 

0.55 

92 

0.44 

21 

0.35 

45 

0.43 

69 

0.47 

93 

0.35 

22 

0.40 

46 

0.46 

70 

0.46 

94 

0.29 

23 

0.40 

47 

0.50 

71 

0.40 

95 

0.33 

24 

0.53 

48 

0.47 

72 

0.55 

96 
97 

0.38 
0.34 

Averag( 

B 

0.45 

*  Experiments  1  and  2,  Bertram,  J.,  Z.  Biol.y  1878,  xiv,  354.  No.  3, 
Renvall,  G.,  Skand,  Arch,  Physiol.,  1904,  xvi,  94.  Nos.  4  and  5,  von  Wendt, 
G.,  Skand.  Arch.  Physiol. ,  1905,  xvii,  211.  No.  6,  Holsti,  0.,  Skand.  Arch. 
Physiol. f  1910,  xxiii,  143.  Nos.  7  to  9,  Sherman,  Mettler,  and  Sinclair.' 
Nos.  10  to  15,  Rose,  A.  R.,  and  Sherman,  not  previously  published.  Nos. 
16  to  34,  Sherman,  Gillett,  and  Pope.*  Nos.  35  to  48,  Sherman,  Wheeler, 
and  Yates.*  Nos.  49  to  55,  Sherman,  Gillett,  and  Pope.*  Nos.  56  to  58, 
Sherman,  not  previously  published.  Nos.  59  to  63,  Sherman  and  Osterberg, 
not  previously  published.  Nos.  64  and  65,  Sherman  and  Winters.*  Nos. 
66  to  75,  Sherman,  Winters,  and  Phillips.*  Nos.  76  to  97,  Rose,  M.  S.,  /. 
Biol,  Chem.y  1920,  xli,  349,  and  unpublished  data. 
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Subject  R,  weighing  80  kilos,  took  during  five  consecutive 
3  day  experiments  without  intennission  a  diet  of  bread,  butter, 
and  apples  furnishing  an  average  daily  intake  for  each  of  the 
five  periods  of  0.23,  0.21,  0.20,  0.21,  0.21  gm.,  respectively.  The 
corresponding  output  for  each  experimental  period  was:  in  urine, 
0.11,  0.17,  0.16,  0.18,  0.18;  in  feces,  0.21,  0.15,  0.15,  0.16,  0.16 
gm.  of  calcium  per  day  (Experiments  59  to  63  in  Table  I). 

For  purposes  of  comparison  and  discussion  the  data  of  all 
available  experiments  which  seem  to  be  quantitatively  com- 
parable (including,  through  the  courtesy  of  Professor  M.  S. 
Rose,  some  unpublished  experiments  recently  performed  in  her 
laboratory)  have  been  computed  to  a  uniform  basis  of  daily 
<;aleium  output  per  70  kilos  of  body  weight  and  the  results  brought 
together  in  Table  I.  Since  calcium  leaves  the  body  so  largely 
by  way  of  the  intestine,  the  error  which  may  occur  in  the  separa- 
tion of  the  feces  belonging  to  successive  experimental  periods  is 
likely  in  the  case  of  calcium  to  be  more  significant  than  in  the 
case  of  phosphorus,  and  relatively  much  greater  than  in  the  case 
of  nitrogen.  Knowing  by  experience  how  readily  a  part  of  the 
calcium  output  properly  belonging  to  an  experimental  period 
may  thus  be  carried  over  into  the  one  following,  the  writer  has 
had  this  in  mind  in  compiling  the  data,  of  other  investigators  as 
well  as  those  from  his  own  laboratory  and  has  sometimes  treated 
two  successive  periods  as  one  when  convinced  by  examination 
of  the  protocols  that  a  more  trustworthy  result  is  thus  obtained. 
It  will  be  seen  that  there  are  included  in  the  table  the  data  of  97 
experiments  (experimental  periods  of  3  to  8  days)  showing  an 
extreme  range  of  0.27  to  0.82  gm.  and  an  average  of  0.45  gm. 
per  70  kilos  of  body  weight  per  day. 

In  the  discussion  of  an  analogous  compilation  of  the  data  of 
experiments  upon  protein  metabolism,*  it  was  pointed  out  that 
in  an  appreciable  proportion  of  those  experiments  the  protein 
requirement  was  probably  overestimated,  largely  because,  influ- 
enced by  previous  overestimates  of  the  amount  of  protein  needed 
in  nutrition,  the  experimenters  did  not  reduce  the  protein  intake 
to  a  low  enough  figure  and  for  a  long  enough  time  really  to  deter- 
mine the  minimum  amount  on  which  equilibrium  could  have 

% 

•  Sherman,  H.  C,  /.  Biol,  Chetn.,  1920,  xli,  97. 
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been  maintained.  So  far  as  this  source  of  error  is  concerned  the 
tendency  in  the  study  of  calcium  requirement  has  doubtless 
more  often  been  in  the  other  direction.  In  the  past  the  calcium 
requirement  of  the  body  was  underestimated.  Experiments 
made  to  test  calcium  requirement  have  sometimes  involved  the 
use  of  diets  furnishing  so  little  calcium  that  the  output  (although 
greater  than  the  intake)  has  been  depressed  below  the  point  at 
which  equilibrium  could  actually  be  maintained.  Largely  for 
this  reason  it  is  probable  that  some  of  the  data  for  indicated  cal- 
cium requirement  in  Table  I,  based  as  they  are  on  the  data  of 
output  when  the  intake  was  somewhat  insufficient,  are  appre- 
ciably below  the  true  requirements  of  the  respective  subjects. 
Doubtless  there  are  other  cases  in  which  the  requirement  was 
overestimated  through  the  use  of  diets  unnecessarily  rich  in 
calcium  for  the  purpose  of  the  test;  but  these  appear  to  be  fewer 
in  number  and  the  general  average  of  0.45  gm.  of  calcium  (equiv- 
alent to  0.63  gm.  of  CaO)  is  probably  not  above  the  true  require- 
ment. 

Having  now  on  record  about  100  cases  each  of  reasonably 
comparable  experiments  designed  to  measure  the  maintenance 
requirements  for  protein,  phosphorus,  and  calcium,  respectively, 
in  normal  human  nutrition,  it  is  of  interest  to  compare  the  vari- 
ability of  the  individual  observations  in  the  three  series  of  experi- 
ments (each  representing  the  work  of  several  different  investi- 
gators) and  the  probable  errors  of  the  three  mean  results  as 
computed  by  accepted  statistical  methods. 

The  109  experiments'  upon  protein  requirement*  show  a  mean 
of  44.4  gm.,  a  standard  deviation  of  9.07  gm.,  a  coefficient  of 
variation  of  21,  and  a  probable  error  of  the  mean  of  ±0.58  gm. 

In  95  experiments  upon  phosphorus  requirement^  the  mean 
with  its  probable  error  is  0.88  ±  0.01  gm.,  the  standard  deviation 
is  0.15  gm.,  and  the  coefficient  of  variation  is  17. 

The  97  experiments  upon  calcium  requirement  tabulated 
above  give  a  mean  result  of  0.45  gm.  with  a  probable  error  of 
=fc0.008  gm.  and  show  a  standard  deviation  of  0.12  gm.  and  a 
coefficient  of  variation  of  27. 

In  each  of  the  three  cases  the  data  are  now  sufficiently  numer- 
ous and  consistent  so  that  the  probable  error  of  the  mean  is 

»  Sherman,  H.  C,  /.  Biol.  Chem.,  1920,  xli,  173. 
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less  than  two  one-hundredths  'of  its  value  and  therefore  pre- 
sumably as  dependable  as  the  accepted  statements  of  average 
composition  of  even  the  most  familiar  of  our  staple  foods. 

It  will  be  noted  also  that  the  coeflScient  of  variation  has  been 
foimd  to  be  of  the  same  order  of  magnitude  in  the  experimental 
study  of  protein,  of  phosphorus,  and  of  csJcium  requirements. 
If  any  significance  is  to  be  attached  to  the  slightly  higher  coeflS- 
cient  of  variation  in  the  data  for  calcium  over  those  for  protein 
or  for  phosphorus,  it  must  follow  that  the  case  of  calcium  is  the 
one  which  would  seem  to  call  for  the  most  liberal  margin  of 
intake  over  the  estimated  average  maintenance  requirement  if 
individual  variability  is  to  be  covered  by  an  ample  factor  of 
safety.  Apparently  a  large  proportion  of  American  dietaries 
are  open  to  improvement  in  this  respect. 

Comparing  the  present  average  of  0.45  gm.  per  man  per  day  as 
the  indicated  calcium  requirement  with  the  previously  reported 
average  of  44  gm.  as  an  indicated  protein  requirement,  and 
keeping  in  mind  the  fact  that  the  figure  for  protein  is  more  likely 
to  be  an  overestimate  than  that  for  calcium,  and  that  the  rela- 
tive probable  error  due  to  individual  variations  is  very  similar  in 
the  two  cases,  we  are  forced  to  conclude  that  a  food  supply,  in 
order  to  furnish  these  essential  nutrients  in  relative  proportions 
corresponding  to  the  needs  of  the  body,  should  contain  at  least 
1.0  gm.  of  calcium  (or  1.4  gm.  of  CaO)  for  every  100  gm.  of  pro- 
tein. In  the  large  majority  of  American  food  supplies  of  families 
and  larger  groups,  as  indicated  by  dietary  studies  made  before 
the  war  by  the  United  States  Department  of  Agriculture  and  the 
New  York  Association  for  Improving  the  Condition  of  the  Poor, 
this  has  not  been  the  case.  It  does  not  follow  that  the  calcium 
content  was  necessarily  too  low  in  the  majority  of  dietaries,  but 
rather  that  the  food  supply  furnished  a  much  more  liberal  siu'plus 
of  protein  than  of  calcium.  When  the  results  of  224  presumably 
typical  American  dietary  studies  were  calculated  to  the  usual 
basis  of  nutrients  per  man  per  day  the  average  protein  content 
was  found  to  be  106  gm.,  or  140  per  cent  above  the  indicated 
maintenance  requirement  of  44  gm.,  while  the  average  calcium 
content  was  0.74  gm.,  or  64  per  cent  above  the  estimated  actual 
minimum  of  0.45  gm.  Probably  more  significant  than  the  aver- 
age content  of  all  the  dietaries  is  the  proportion  of  cases  falling 


H..  C.  Sherman  27 

below  the  estimated  requirement,  either  as  regards  protein,  or  as 
regards  calcium.  Only  one  of  the  224  cases  studied  showed  less 
protein  than  the  indicated  requirement,  while  one  in  every  six  was 
below  the  indicated  requirement  in  calcium.  In  other  words,  the 
comparison  of  dietary  studies  or  records  of  actual  food  supplies 
with  the  laboratory"-  evidence  of  nutritive  requirement  suggests 
that  very  many  more  American  dietaries  are  deficient  in  quantity 
of  calcimn  than  are  deficient  in  quantity  of  protein,  though 
of  course  there  may  be  many  cases  in  which  the  kind  of  protein, 
or  the  intake  of  some  particular  amino-acid,  is  unsatisfactory. 
If,  in  all  the  dietaries  in  the  above  group  of  224  which  showed 
less  than  3,000  calories  per  man  per  day,  the  amount  of  food  had 
been  increased  up  to  that  level,  there  would  have  been  no  case  of 
protein  deficiency  as  judged  by  this  standard  while  by  the  same 
criterion  about  7  per  cent  or  one  in  every  fourteen  of  the  dietaries 
studied  would  still  be  deficient  in  calcium.  There  seems  to  be 
no  room  for  doubt  that  more  attention  should  be  given  to  the 
calcium  intake  both  in  human  nutrition  and  that  of  farm  ani- 
mals. So  far  as  the  requirement  for  calcium  in  itself  is  concerned 
the  intake  may  be  supplemented  by  purely  mineral  additions  as 
when  the  animal  feeder  includes  finely  groimd  rock  phosphate 
("floats"),  bone  ash,  or  oyster  shells  in  the  rations  which  he  pro- 
vides. Similarly  calcium  carbonate  or  phosphate  might  be 
habitually  added  to  human  food,  either  separately  or  by  mixing 
it  with  the  table  salt  used  in  seasoning;  but  it  would  probably 
be  more  diflScult  to  persuade  people  generally  to  make  such 
additions  than  to  teach  a  more  liberal  use  of  foods  naturally  rich 
in  calcium,  while  the  latter  course  has  the  added  advantage  that 
the  foods  whose  larger  use  would  be  invoked  to  increase  the 
calcium  intake  (notably  milk  in  its  various  forms)  are  important 
sources  of  proteins  of  high  nutritive  efficiency  and  of  the  fat- 
soluble  vitamine  as  well. 
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The  search  for  intermediate  products  in  the  fermentation  of  the  carbo- 
hydrates has  occupied  the  attention  of  scientists  for  many  years.  This 
search  has  been  pushed  most  vigorously  in  connection  with  the  alcoholic 
fermentation  by  yeast.  The  investigations  of  Neuberg,  Harden,  and 
Kostytschew  are  most  conspicuous  and  have  resulted  in  a  better  under- 
standing of  the  biochemical  changes  that  occur.  Neuberg's  theory  (1) 
that  pyruvic  acid  is  an  intermediate  product  in  alcoholic  fermentation  is 
now  generally  accepted.  This  theory  rests  mainly  on  indirect  evidence, 
although  Fembach  and  Schoen  (2)  and  Beijerinck  and  Folpmers  (3)  re- 
ported the  production  and  isolation  of  pyruvic  acid  from  fermenting  sugar 
cultures,  and  Maz6  and  Ruot  (4)  claim  to  have  obtained  it  by  the  fer- 
mentation of  lactic  acid  with  bacteria.  Neuberg  found  that  pyruvic 
acid  is  fermented  by  yeast  with  the  production  of  carbon  dioxide  and 
acetaldehyde  and  he  isolated  and  identified  the  acetaldehyde  thus  formed. 
Although  acetaldehyde  has  been  observed  many  times  in  different  types 
of  fermentation,  until  recently  no  conclusive  evidence  has  been  obtained 
to  show  that  it  is  an  intermediate  product  in  sugar  fermentations.  The 
occurrence  in  wine  was  noted  by  Magnes-Lahens  (5)  in  1855  and  since  that 
time  its  presence  and  the  factors  related  to  its  occurrence  have  been  the 
subject  of  numerous  investigations  (6).  Trillat  (7)  and  his  associates 
as  a  result  of  their  investigations  concluded  that  acetaldehyde  was  not 
an  intermediate  product  in  the  fermentation  of  sugar  but  arose  from  a 
secondary  oxidation  of  the  ethyl  alcohol. 

Buchner,  Langheld,  and  Skraup  (8)  obtained  small  quantities  of  alde- 
hyde in  the  fermentation  of  sugars  with  yeast  juice  and  likewise  concluded 
that  it  was  derived  from  ethyl  alcohol  by  oxidation. 

Kostytschew  (9)  on  the  other  hand  regarded  acetaldehyde  as  an  inter- 
mediate product  and  by  the  addition  of  zinc  chloride  to  a  fermentation  of 

*  Thi^  work  was  in  part  supported  by  a  grant  from  the  special  research 
fund  of  the  University  of  Wisconsin. 
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glucose  by  yeast  obtained  enough  aldehyde  to  prepare  the  p-nitrophenyl- 
hydrazone.  The  amount  obtained  was  small  and  Kostytschew's  conclu- 
sion that  acetaldehyde  is  an  intermediate  product  was  vigorously  assailed 
by  Neuberg  (10)  and  his  coworkers. 

In  the  fermentation  of  glucose  by  Bacilltis  coli  communis ^  Grey  (11) 
reported  the  production  of  a  minute  quantity  of  acetaldehyde.  From  the 
fermentation  of  7.46  gm.  of  glucose  he  obtained  0.00234  gm.  of  acetaldehyde. 

Numerous  attempts  have  been  made  to  increase  the  quantity  of  acetal- 
dehyde by  the  addition  of  various  substances.  This  was  the  object  sought 
by  Kostytschew  with  zinc  chloride.  In  a  later  investigation  Kostytschew 
(9)  employed  methylene  blue  to  serve  as  an  acceptor  for  hydrogen  and 
thus  to  check  the  reduction  of  acetaldehyde  to  alcohol.  The  result  was 
an  increase  in  the  yield  of  acetaldehyde.  Later  Palladin  and  Sabinin  (12) 
found  that  methylene  blue  enhanced  the  production  of  acetaldehyde  from 
lactic  acid. 

Miiller-Thurgau  and  Osterwalder  (13)  increased  the  quantity  of  acetal- 
dehyde formed  in  wine  by  adding  small  quantities  of  potassium  m-bisulfite 
at  varying  intervals  during  the  fermentation.  Similar  experiments  with 
sucrose  and  glucose  gave  from  0.350  to  1.180  gm.  of  aldehyde  per  100  gm. 
of  sugar  fermented.  Previously  Passerini  (14)  had  obtained  an  increase 
in  the  aldehyde  content  of  wines  by  the  addition  of  bisulfite. 

In  an  investigation  of  the  factors  that  influence  the  formation  and 
disappearance  of  acetaldehyde  from  wines  Laborde  (6)  confirmed  the 
observations  of  earlier  investigators,  that  acetaldehyde  may  originate 
from  the  oxidation  of  alcohol  or  be  formed  as  an  intermediate  product  in 
the  breaking  down  of  sugar.  His  results  showed  a  marked  increase  in  the 
production  of  acetaldehyde  when  sulfurous  acid  was  added  to  the  fer- 
menting solutions. 

It  was  not  until  Neuberg  and  his  coworkers  (1,  15)  employed  a  more 
suitable  fixative  that  acetaldehyde  was  obtained  in  large  amounts,  and 
thus  established  the  relation  of  acetaldehyde  to  the  fermentation  of  sugar. 
With  sodium  sulfite  as  a  fixative,  he  obtained  acetaldehyde  equivalent  to 
17.05  per  cent  of  the  sugar  fermented.  The  aldehyde  was  determined  by 
three  different  methods  and  was  also  isolated  and  identified  by  its  hydra- 
zone  with  p-nitrophenylhydrazine.  The  aldehyde-sulfite  compound  was 
isolated  and  identified  as  (CH,CHOH.SOaNa)t-fHiO.  These  results 
present  convincing  and  conclusive  evidence  for  the  existence  of  acetal- 
dehyde as  a  product  in  the  fermentation  of  sugars  by  yeast. 

In  a  later  publication,  Neuberg  and  Nord  (16)  extended  the  work  to 
the  fermentation  of  sugars  by  bacteria  and  found  that  from  0.0014  to 
0.2532  gm.  of  aldehyde  formed  in  100  cc.  of  culture  containing  2  per  cent  of 
glucose.  Indications  of  aldehyde  formation  by  bacteria  have  been 
observed  by  others. 

Harding  and  Ostenberg  (17),  in  a  study  of  the  color  changes  produced 
by  bacteria  on  the  fuchsin-sulfite  media. of  Endo,  assumed  that  aldehyde 
is  produced  from  the  carbohydrate.  At  first  the  aldehyde  combines  with 
the  sulfite  and  is  thus  prevented  from  oxidizing  to  acid,  but  later  when  the 
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sulfite  is  used  up  additional  aldehyde  undergoes  oxidation  to  acid  and  in 
this  way  decolorizes  the  medium.  They  suggest  that  aldehyde  formation 
may  be  used  as  a  basis  for  the  differentiation  of  colon  and  t3rphoid 
organisms. 

De  Bord  (18)  reported  that  in  the  breaking  down  of  glucose  and  lactose 
by  many  kinds  of  bacteria,  aldehyde  is  formed.  The  organisms  were  grown 
in  tube  cultures  and  aldehyde  formation  was  tested  with  Schiff's  fuchsin 
reagent.  No  evidence  is  presented  to  prove  the  identity  of  the  aldehyde. 
Since  Schiff's  reagent  is  affected  by  many  substances  other  than  aldehyde, 
de  Bord's  results  are  by  no  means  conclusive. 

Buchner  and  Meisenheimer  (19)  suggested  that  in  a  fermentation  yield- 
ing butyric  acid,  butyl  alcohol,  and  other  substances  acetaldehyde  is  first 
produced.  Harden  (20),  .in  a  detailed  study  of  the  action  of  Bacillus  coli 
And  similar  organisms  on  carbohydrates,  advanced  the  theory  that  the 
carbohydrate  is  decomposed  into  an  intermediate  substance  which,  in 
turn,  gives  rise  to  formic  acid  and  acetaldehyde.  The  formic  acid  later  is 
converted  into  COj  and  hydrogen. 

The  work  described  in  this  paper  was  planned  primarily  to 
study  acetaldehyde  formation  by  pentose-fermenting  bacteria 
in  the  breaking  down  of  both  hexose  and  pentose  sugars.  Three 
widely  separated  types  of  bacteria  were  selected  for  this  investiga- 
tion. The  first,  to  which  has  been  given  the  laboratory  number 
26,  was  isolated  from  sunflower  silage  and  apparently  belongs  to 
the  colon-aerogenes  group.  Its  biochemical  and  cultiural  char- 
acteristics will  be  described  in  a  later  paper.  It  ferments  all  the 
<;ommon  sugars  and  in  addition  attacks  vigorously  the  pentoses, 
xylose  and  arabinose.  The  second  organism  used  was  Bacillus 
acetoethylicumy  isolated  and  described  by  Northrop  and  his 
associates  (21).  The  third  group  of  bacteria  was  the  pentose 
fermenter  Lactobacillus  pentoaceticuSy  n.  sp.,  whose  isolation  and 
fermentation  characteristics  have  been  described  in  a  previous 
publication  (22). 

EXPERIMENTAL. 

In  general  the  carbohydrates  were  fermented  in  a  yeast  water 
medium  with  and  without  peptone,  to  which  an  excess  of  calcium 
carbonate  was  added.  In  order  to  hold  the  aldehyde,  the  fixative 
calcium  sulfite  or  sodium  sulfite  was  used.  The  calcium  sulfite 
was  added  to  the  yeast  water  before  steriUzation,  and  in  the 
experiments  where  sodium  sulfite  was  used  a  20  pef  cent  aqueous 
solution  of  the  sulfite  was  sterilized  and  the  desired  amount  of 
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this  solution  added  to  the  culture.  The  calcium  sulfite  was 
freshly  prepared  from  sodium  sulfite  and  calcium  chloride,  air- 
dried,  and  used  as  the  hydrated  salt  CaSOs.2  H2O.  The  sodium 
sulfite  contained  a  considerable  amount  of  sodium  sulfate  and 
hence  the  figures  given  in  the  tables  represent  only  approxi- 
mately the  concentration  of  sulfite  in  the  medium. 

The  alcohol,  volatile  acid,  and  non-volatile  acid  were  deter- 
mined as  described  in  previous  publications.  Acetaldehyde  waa 
determined  according  to  the  method  developed  by  Neuberg 
and  Nord  (16).  100  cc.  of  culture  were  cooled  with  ice  and  an 
amount  of  barium  chloride  suflScient  to  precipitate  the  sulfite 
was  added.  After  the  addition  of  10  gm.  of  calcium  carbonate 
the  flask  was  placed  in  an  oil  bath  and  joined  to  a  long  Allihn 
condenser.  The  deUvery  end  of  the  condenser  was  connected 
to  a  thick  walled  Pyrex  flask  packed  in  a  freezing  mixture  of  ice 
and  salt.  A  thistle  tube  partly  filled  with  water  wais  attached  to 
the  Pyrex  flask  to  serve  as  an  escape  tube  for  the  air  in  the  appa- 
ratus. After  about  one-third  of  the  contents  of  the  flask  had 
been  driven  over,  steam  was  passed  in  and  the  distillation  con- 
tinued until  about  400  cc.  had  collected  in  the  receiving  flask. 
The  distillate  was  made  up  to  a  definite  volume  and  the  aldehyde 
in  an  aUquot  determined  by  the  iodine  titration  method  (23). 

Trial  determinations  with  dry  redistilled  acetaldehyde  (boiUng 
point  20-21°C.)  to  which  the  above  reagents  had  been  added 
gave  a  recovery  of  from  98  to  100  per  cent. 

Acetaldehyde  Production  by  Culture  26. 

Culture  26  ferments  the  pentoses,  xylose  and  arabinose,  vigor- 
ously and  tolerates  a  high  degree  of  alkalinity.  Since  the  culture 
solutions  containing  sodiimi  sulfite  are  distinctly  alkaline  (pH 
8.0)  this  organism  is  well  adapted  to  the  conditions  existing  in  a 
sulfite  medium.  Three  flasks  of  2  per  cent  glucose-yeast  water 
medium  were  inoculated  with  this  organism  and,  after  24  hours  of 
fermentation,  10,  20,  and  30  cc.  of  a  20  per  cent  solution  of  sodiimi 
sulfite  were  added  to  the  respective  flasks.  Here  the  concentration 
of  the  sulfite  was  0.5,  1.0,  and  1.5  per  cent  as  calculated  on  the 
original  volume.  At  frequent  intervals  the  cultures  were  tested 
for  aldehyde  by  means  of  sodiimi  nitroprusside  and  diethylamine 
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(Simon's  test  as  modified  by  Rimini  (24) ).  The  most  satisfactory 
tests  were  obtained  by  mixing  5  cc.  of  cultm-e  and  0.5  cc.  of  a 
fresh  4  per  cent  solution  of  pmsside,  and  carefully  adding  5  to 
10  drops  of  a  5  per  cent  solution  of  the  amine  so  as  to  form  a 
layer  on  top.  After  about  20  to  30  seconds,  a  sharp  blue  zone 
forms  where  the  two  liquids  come  together.  If  the  test-tube  is 
held  against  a  white  background,  this  zone  becomes  more  dis- 
tinct. In  the  presence  of  much  aldehyde  the  blue  color  extends 
through  the  entire  solution  when  the  tube  is  shaken.  No  alde- 
hyde could  be  detected  until  the  3rd  day,  when  a  slight  test  was 
found  in  Flask  3.  After  5  days  all  the  cultures  gave  a  distinct 
blue  color  with  these  reagents.    The  intensity  of  color  increased 

TABLE  I. 

Qualitative  Tests  for  Acetaldehyde  Obtained  at  Different  Stages  in 

Fermentation, 


FlMkNo. 

Sodium 
sulfite. 

On  culture. 

On  diBtiUat« 

of  the 

culture. 

3  days. 

6  days. 

7  days. 

10  days. 

10  to  12  dasra. 

1 

2 
3 

per  cent 
1 

2 
3 

None. 

(( 
ii 

Fair. 
Slight. 

Good. 
(( 

Fair. 

Strong. 

Strong. 

(( 

with  the  age  of  the  culture  imtil  after  8  days  a  deep  blue  color 
extending  to  the  bottom  of  the  tube  was  obtained.  In  all  the 
experiments  that  follow,  the  formation  of  aldehyde  was  traced 
by  means  of  the  Rimini  test.  The  distillate  obtained  in  the 
quantitative  procedure  was  also  tested  for  aldehyde  by  the 
Rimini  test  and  in  some  cases  with  Schiff's  reagent.  A  typical 
example  of  the  results  obtained  from  quaUtative  tests  is  given  in 
Table  I.  Although  these  tests  may  be  made  on  the  cultures 
direct  they  are  far  better  when  used  on  the  distillate.  The 
amoimt  of  aldehyde  formed  was  determined  at  the  end  of  7 
days  and  again  at  the  end  of  12  days.  On  the  second  analysis  a 
small  increase  was  found  in  only  one  flask,  No.  3.  From  this  and 
other  data  (see  Table  II),  it  is  apparent  that  aldehyde  production 
is  most  active  between  the  2nd  and  5th  days,  a  period  which 
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corresponds  approximately  to  the  time  of  greatest  activity  in 
the  fermentation.  The  quantity  of  aldehyde  fixed  increases 
with  the  amount  of  sulfite  present  (see  Table  III);  e.g.,  with  1 
per  cent  of  sulfite  the  aldehyde  fixed  is  0.028  gm.  per  100 
cc.  of  culture  and  with  3  per  cent  of  sulfite  this  has  increased 
to  0.077  gm.  At  the  end  of  the  fermentation  period,  the 
control,  Culture  1,  to  which  no  sulfite  was  added,  and  Cul- 
tures 3  and  4  were  analyzed  for  alcohol,  volatile  acid,  and 
non-volatile  acid  in  addition  to  aldehyde.  A  high  alcohol  and 
low  acid  production  is  the  normal  type  of  fermentation  with 
Culture  26.  When  sulfite  is  introduced,  some  of  the  inter- 
mediate compound  acetaldehyde  is  fixed  and  the  production 

TABLE  II. 

RcUe  of  Acetaldehyde  Production  by  the  Fermentation  of  Glucose. 

Calculated  for  100  Cc.  of  Culture. 


Ace  of  culture. 

Acetaldehyde. 

Ethyl  alcohol. 

Volatile  acid  aa  acetic. 

iayt 

gm. 

gm. 

gm. 

2 

0.025 

4 

0.046 

6 

0.053 

11 

0.065 

15 

0.063 

20 

0.068 

0.075 

0.232 

Unfermented  sugar  1.65  per  cent. 


of  alcohol  is  decreased  from  0.281  to  0.139  gm.  per  100  cc. 
of  culture.  Coincident  with  the  aldehyde  and  low  alcohol 
production  there  is  a  rise  in  the  volatile  acid  from  0.036  gm.  in 
the  control  to  0.148  gm.  in  the  flask  containing  3  per  cent  of 
sodium  sulfite.  The  volatile  acid  is  evidently  an  oxidation  pro- 
duct with  which  should  be  paired  some  reduction  product,  unless 
the  hydrogen  which  is  one  of  the  gases  formed  under  these  con- 
ditions can  account  in  some  type  of  reaction  for  the  oxygen  used 
in  the  oxidation.  InsuflScient  data  exist  to  determine  whether 
there  is  any  relation  between  the  hydrogen  and  the  volatile  acid. 
The  complete  data  are  given  in  Table  III. 

In  order  to  have  sufficient  aldehyde  to  form  the  hydrazone 
with  p-nitrophenylhydrazine  a  2,000  cc.  culture  was  prepared 
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The  culture  contained  3  per  cent  of  glucose  and  4  per  cent  of 
sodium  sulfite.  Aliquots  were  withdrawn  at  different  intervals 
during  the  fermentation  and  the  aldehyde  was  determined,  as 
shown  from  the  figures  of  Table  II.  The  aldehyde  content 
increases  steadily  up  to  the  final  analysis  but  most  of  it  is  formed 
by  the  end  of  6  days.  The  low  alcohol  and  high  volatile  acid 
production  noted  in  Table  III  were  repeated  in  this  experiment. 
The  imfermented  sugar  was  determined  by  the  Ost  method 
(25),  since  the  Ost  copper  solution  is  not  reduced  to  any  extent 
by  acetaldehyde  as  is  the  case  with  Fehling's  solution.  Glucose 
may,  therefore,  be  determined  in  the  presence  of  acetaldehyde  by 

TABLE  III. 

Acetaldehyde  Production  from  Glucose. 
Calculated  for  100  Cc,  of  Culture, 


Flask  No. 

Sodium 
sulfite  in 
culture. 

Age  of 
culture. 

Acet- 
aldehyde. 

Ethyl 
Alcohol. 

Volatile  acid 
as  acetic. 

Non-volatile 
acid  as  lactic. 

j^tT  etftt 

iay» 

gm. 

am. 

gm. 

gm. 

1 

0.0 

12 

0.006 

0.281 

0.036 

0.000 

2 

1.0 

7 

0.028 

3 

2.0 

7 

0.061 

3 

2.0 

12 

0.045 

0.112 

0.010 

4 

3.0 

7 

0.061 

4 

3.0 

12 

0.077 

0.139 

0.148 

0.078 

this  method.  The  unfermented  glucose  amounted  to  1.65  per 
cent  which  indicates  that  about  one-half  the  glucose  had  been 
fermented.    The  data  are  given  in  Table  II. 

The  remainder  of  the  culture  was  treated  with  the  required 
amoimt  of  barium  chloride  and  the  precipitated  barium  sulfite 
removed  by  filtration.  To  prevent  loss  of  aldehyde  during  the 
filtration,  this  operation  was  carried  on  in  a  large  refrigerator 
and  the  receiving  flask  was  surrounded  by  a  mixture  of  ice  and 
salt.  The  clear  solution  thus  obtained  could  be  distilled  without 
the  foaming  that  occurs  when  the  barium  sulfite  is  not  removed. 
About  1,500  cc.  of  filtrate  were  distilled  with  steam  until  the  last 
portions  of  the  distillate  gave  no  test  for  aldehyde.  The  dis- 
tillate was  redistilled  and  collected  in  a  3  per  cent  solution  of 
p-nitrophenylhydrazine   dissolved   in   50   per   cent   acetic   acid. 
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About  one  and  one-half  times  the  theoretical  quantity  of  hydra- 
zine required  to  combine  with  the  aldehyde  was  used.  When 
the  first  few  drops  of  distillate  reached  the  receiving  flask,  a  curdy 
yellow  precipitate  of  acetaldehydehydrazone  was  formed.  The 
distillation  was  continued  imtil  about  300  cc.  of  distillate  had 
been  collected.  The  vapors  passing  over  at  this  time  gave  a 
negative  Rimini  test.  After  standing  over  night  in  the  ice  box, 
the  hydrazone  was  filtered  off  with  suction,  washed  with  a 
little  cold  water,  and  dried  over  sidfiuic  acid.  The  melting 
point  of  the  crystals  was  found  to  be  125°C.  They  were  dissolved 
in  95  per  cent  alcohol  and  recrystallized.  The  melting  point  of 
the  recrystallized  hydrazone  was  found  to  be  128°C.  A  hydra- 
zone  prepared  from  acetaldehyde  gave  the  same  melting  point. 
The  melting  point  of  acetaldehyde-p-nitrophenylhydrazine  is 
given  as  128.5°C. 

TABLE  IV. 

Deienninaiion  of  Nitrogen  in  Aceialdehyde-p-Niirophenylhydragone, 


Method. 


Kjeldahl,  modified  to  include  nitrates 

Milbauer 

"       modified .... 

Dumas  combustion 

Theory  for  CgHjNjOa 


No.  of 
determina- 
tions. 

Nitrogen. 

per  cent 

5 

10.6  to  21.2 

1 

3.8 

3 

23.15  to  23.37 

1 

23.8 

1 

23.46 

In  order  to  check  the  evidence  obtained  from  the  melting 
point,  the  nitrogen  content  of  the  hydrazone  was  determined  by 
the  Dumas  combustion  and  a  modified  Kjeldahl  procedure. 
At  first  much  diflSculty  was  experienced  in  determining  the  per- 
centage of  nitrogen  in  the  hydrazone  by  the  Kjeldahl  method. 
By  increasing  the  amount  of  potassium  persulfate,  the  time  of 
digestion,  and  by  adding  potassium  permanganate,  Milbauer's 
(26)  modified  Kjeldahl  method  gave  results  that  checked  with 
the  Dumas  combustion  method  and  with  theory.  To  indicate 
how  the  figures  varied,  a  summary  of  the  results  obtained  are 
given  in  Table  IV.  The  melting  point  and  nitrogen  content  of 
the  hydrazone  and  the  qualitative  color  tests  establish,  without 
doubt,  the  fact  that  acetaldehyde  is  formed. 
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Acetaldehyde  from  Xylose. 

Since  Culture  26  is  a  rapid  pentose  fermenter,  it  seemed  prob- 
able that  acetaldehyde  would  be  formed  in  the  fermentation  of 
xylose  by  this  organism.  Experiments  were  made  with  test- 
tube  cultures  to  which  were  added  varying  amounts  of  sodiiun 
sulfite.  In  nearly  every  case,  a  strong  test  for  aldehyde  was 
noted.  A  flask  containing  300  cc.  of  2  per  cent  xylose-yeast 
water  medium  was  inoculated  and  15  cc.  of  a  20  per  cent  sodium 
sulfite  solution  were  added  at  the  time  of  inocidation.  At  the 
end  of  1,  2,  and  6  days,  additional  portions  of  sulfite  were  added 
until  the  final  concentration  of  sulfite  reached  3.5  per  cent.  At 
the  end  of  5  days,  a  50  cc.  aliquot  was  taken  and  the  acetalde- 

TABLE  V. 

Prodiiciion  of  Acetaldehyde  by  the  Fermentation  of  Xylose, 
Calculated  for  100  Cc,  of  Culture, 


Age  of  culture. 

Acetaldehyde. 

Ethyl  alcohol. 

Volatile  acid  as 
acetic. 

Non-volatile 
acid  aa  lactic. 

dajft 

om. 

gm. 

gm. 

gm. 

5 

0.088 

7 

0.102 

11 

0.147 

15 

0.157 

0.074 

0.486 

0.150 

Unfennented  sugar  0.938  gm. 

hyde  determined.  Successive  determinations  were  made  at  the 
end  of  7,  11,  and  15  days.  Alcohol,  volatile  acid,  and  non- 
volatile acid  were  also  determined  at  the  time  of  the  last  analysis. 
As  was  found  in  the  fermentation  of  glucose,  the  aldehyde  con- 
tinues to  increase  to  the  end  of  the  fermentation.  The  quantity 
of  aldehyde  is  more  than  double  that  formed  from  glucose,  and 
is  the  maximum  amount  obtained  in  any  of  the  experiments. 
As  already  noted  in  the  case  of  glucose,  an  unusually  high  pro- 
duction of  acetic  acid  was  found.    The  data  are  given  in  Table  V. 


Acetaldehyde  Production  by  Bacillus  acetoethylicum. 

This  organism  possesses  the  power  of  fermenting  a  wide  range 
of  carbohydrates  among  which  is  xylose.  One  of  the  conspicuous 
products  of  its  activity  is  acetone.     Under  suitable  conditions 
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this  represents  about  8  to  10  per  cent  of  the  carbohydrate  in  the 
culture  (21).  Besides  acetone,  formic  and  acetic  acids,  ethyl 
alcohol,  lactic  acid,  and  carbon  dioxide  are  produced  (27).  The 
formation  of  acetaldehyde  is  of  special  interest  in  relation  to  the 
production  of  acetone.  The  reactions  whereby  the  acetone  is 
formed  are  not  clearly  understood  but  in  aU  probability  its  pro- 
duction is  associated  with  the  condensation  of  the  acetaldehyde 

TABLE  VI. 

Production  of  Acetaldehyde  in  the  Fermentation  of  Starch  by  Bacilltte  aceto- 

ethylicum  in  the  Presence  of  Sulfites, 

Calculated  for  100  Cc,  of  Culture, 


Experiment. 

FlMkNo. 

Sulfite. 

Amount  of 
sulfite. 

Age  of  culture. 

Acetaldehyde. 

per  cent 

dcyt 

gm. 

1 

1.0* 

14 

0.018 

A 

2 

NatSO, 

2.0* 

14 

0.013 

3 

3.0* 

15 

0.020 

1 

1.0* 

12 

0.010 

B 

2 

Na,SO, 

2.0* 

12 

0.027 

3 

3.0* 

-t 

1 

i.ot 

(7 
\10 

0.012 
0.028 

C 

2 

CaS0,.2H,0 

2.0t 

/9 
\13 

0.023 
0.042 

3 

3.0t 

13 

0.000 

*  Anhydrous  NajSOi. 

t  Negative  qualitative  test,  not  analyzed. 

t  Calculated  as  CaSOs. 

and  subsequent  processes  of  oxidation  and  decarboxylation. 
As  a  tentative  suggestion  these  changes  may  be  represented  as 
follows: 

2CH, .  CHO  =  CH,CHOH .  CH,CHO 

CHaCHOH .  CHjCHO+0,  =  CH,-  CO .  CHjCOOH+HjO 

CHaCO .  CH  jCOOH = CHa .  CO .  CH,+ CO, 

Reactions  similar  to  the  above  are  known  to  take  place  in  fer- 
mentations and  have  been  proposed  by  Neuberg  and  others  (28) 
to  explain  the  formation  of  different  products.  Reilly  and  his 
associates  (29)  have  proposed  somewhat  similar  reactions  for  the 
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production  of  acetone  by  Bacillus  granulohacter  pectinovorum. 
The  production  of  2.3-butylene  glycol  and  acetylmethylcarbinol 
was  explained  by  Harden  and  Norris  (30)  on  a  similar  basis. 
In  their  work  on  the  production  of  butyric  acid  by  Bacilli^ 
hutylicus  from  glucose  and  glycerol,  Buchner  and  Meisenheimer 
(19)  suggested  that  acetaldehyde  was  first  formed  from  the  gly- 
cerol and  was  then  condensed  to  aldol  and  subsequently  reduced 
or  oxidized  to  form  butyl  alcohol  and  butyric  acid,  respectively. 
The  importance  of  these  balanced  processes  of  reduction  and 
oxidation  in  the  organism  has  been  emphasized  by  Palladin  in  a 
recent  pubUcation.  Neuberg's  work  on  the  decarboxylation  of 
pyruvic  acid  is  so  well  known  as  scarcely  to  need  mention. 

In  the  experiments  with  Bacillus  acetoethylicum,  three  series  of 
flasks  were  prepared  at  different  times  with  varying  amounts  of 
sodium  or  calcium  sulfite  as  the  fixative.  The  results  obtained 
are  given  in  Table  VI,  and  are  of  the  same  general  character  as 
those  obtained  with  the  previous  organism  although  only  about 
one-half  as  much  aldehyde  was  fixed.  An  increase  of  aldehyde 
results  from  increasing  the  fixative  up  to  the  Umit  of  tolerance  for 
sulfite  by  the  bacteria.  Calciimi  sulfite  was  rather  more  effective 
than  sodium  sulfite,  as  about  one-half  more  aldehyde  was  obtained 
from  the  cultures  where  calcium  sulfite  was  used. 


Acetaldehyde  from  Xylose  by  Bacillus  acetoethylicum. 

In  this  experiment  a  peptone-phosphate  medium  containing 
2.0  per  cent  of  xylose  was  used.  In  one  culture,  sodium  sulfite 
was  used  as  the  fixative  agent  and  in  another,  calcium  sulfite. 

TABLE  VII. 

Production  of  Acetaldehyde  in  the  Fermentation  of  Xylose  by  Bacillus 

acetoethylicum. 

Calculated  for  100  Cc,  of  Culture. 


Sulfite. 


Na^O, 

Na,SO, 

CaS0,.2H,0 

*  Calculated  as  CaSOs. 


Amount  of 
sulfite. 


per  cent 

2.0 
2.0 


Age  of  culture. 


days 

8 
12 
12 


Acetaldehyde. 


0.030 
0.079 
0.011 
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As  the  sodium  sulfite  contained  considerably  less  sodium  sulfate 
than  that  used  in  the  other  experiments,  the  amount  added  was 
correspondingly  less.  The  cultures  were  analyzed  at  varying 
intervals  diuing  the  fermentation  and  were  found  to  contain  a 
much  larger  amount  of  aldehyde  than  was  obtained  from  the 
glucose  cultures.  Similar  high  yields  of  acetaldehyde  from  xylose 
have  already  been  noted  in  the  fermentation  of  xylose  by  Culture 
26.  Sodium  sulfite  proved  far  more  efficient  as  a  fixative  of 
aldehyde  than  calcium  sulfite.    The  data  are  given  in  Table  VII. 

Acetaldehyde  Prodtiction  by  Lactobdcillus  pentoaceticus. 

This  group  of  bacteria  is  rather  sensitive  to  alkali,  as  was  dis- 
covered from  the  results  of  neutralizing  actively  fermenting  cul- 
tures.   If,  inadvertently,  a  slight  excess  of  alkali  was  added  to 

TABLE  VIII. 

Production  of  Acetaldehyde  by  Liictohacillus  pentoftcetic^is. 
Calculated  for  100  Cc.  of  Culture, 


Flask  No. 

Sulfite  in  culture. 

Age  of  culture. 

Acetaldehyde. 

ffm. 

days 

om. 

2 

1.0* 

14 

0.029 

3 

2.0* 

13 

0.017 

4 

0.5* 

15 

0.000 

5t 

l.O* 

14 

0.063 

6 

i.ot 

12 

0.008 

7 

2.0t 

10 

0.016 

*.  Sodium  sulfite. 

t  Carbon  dioxide  produced  was  0.025  gm. 

t  Calcium  sulfite. 

the  culture,  growth  ceased  and  was  not  resiuned  until  a  small 
quantity  of  acid  was  added.  Therefore  they  do  not  lend  them- 
selves readily  to  experimentation  in  a  sulfite  medium.  In  the 
first  series,  a  medium  containing  2  per  cent  of  glucose  in  yeast 
water  was  inoculated  with  the  pentose  fermenter  No.  41-11  and, 
after  24  hours,  enough  sterilized  sodium  sulfite  was  added  to 
give  a  concentraton  of  1  and  2  per  cent  respectively  in  the  two 
flasks. 

In  a  second  series,  the  same  percentage  of  calcium  sulfite  was 
added  as  a  fixative.     Direct  qualitative  tests  on  the  culture 
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showed  only  traces  of  aldehyde  present.  The  strongest  tests 
were  obtained  from  the  calcium  sulfite  series  but  the  tests  were 
only  fair.  After  from  10  to  14  days,  the  cultures  were  analyzed 
for  aldehyde,  alcohol,  volatile  acid,  and  in  a  few  cases  for  non- 
volatile acid.  Only  small  quantities  of  these  products  were 
obtained.  The  carbon  dioxide  evolved  from  one  of  the  flasks. 
No.  5,  was  determined  and  only  0.025  gm.  per  100  cc.  of  culture 
was  found.  These  results,  coupled  with  strong  reduction  tests 
for  glucose,  showed  that  but  little  fermentation  had  taken  place. 
The  cause  for  this  is  probably  due  to  the  alkalinity  of  the  sulfite 
mediiun  or  the  toxic  action  of  the  sulfite  on  the  bacteria.  The 
data  obtained  for  aldehyde  are  given  in  Table  VIII. 

The  Fermentation  of  Pyruvic  Acid, 

According  to  Neuberg's  theory,  pyruvic  acid  is  one  of  the 
intermediate  products  in  alcoholic  fermentation.  The  pyruvic 
acid  then  imdergoes  decarboxylation  and  acetaldehyde  results. 
In  the  presence  of  sodium  sulfite,  Neuberg  and  Reinfurth  (1) 
obtained  14  per  cent  of  the  theoretical  yield  of  acetaldehyde, 
which  would  result  if  all  the  pyruvic  acid  had  been  completely 
fermented.  The  pentose-fermenting  bacteria,  employed  in  this 
study,  ferment  pyruvic  acid  to  a  greater  or  less  extent.  This  has 
been  shown  in  several  ways:  first,  by  the  fermentation  of  the 
sodium  salt  of  the  acid  and  titration  of  the  sodium  bicarbonate 
formed;  second,  by  the  addition  of  dilute  solutions  of  pyruvic 
acid  to  the  fermenting  culture  and  determination  of  the  destruc- 
*tion  of  the  free  acid. 

In  the  first  experiment  a  2  per  cent  solution  of  pyruvic  acid 
was  prepared,  neutralized  with  solid  sodium  hydroxide,  and* 
then  diluted  to  1  per  cent  by  the  addition  of  double  strength 
yeast  water.  This  medium  was  then  sterilized  by  passing  it 
through  a  Pasteur-Chamberland  filter,  since  a  destruction  of  the 
pyruvate  results  if  the  solution  is  sterilized  by  heat.  The  solu- 
tion was  pipetted  into  large  test-tubes  and  incubated  for  5  to  6 
days  to  determine  its  sterility.  If  no  growth  took  place,  the 
tubes  were  then  inoculated,  and  sterilized  brom-cresol  purple 
was  added.  After  a  few  days,  a  film  of  bacteria  appeared  on  the 
surface,   gas  was  evolved,   and  the  solution  became  strongly 
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alkaline.  The  above  evidences  of  growth  were  very  marked  in 
the  case  of  Culture  26  and  Bacillus  acetoethylicum,  but  were  slight 
in  the  tubes  inoculated  with  LactobaciUus  pentoaceticus.  The 
slight  fermentation  with  the  last  named  organism  is  probably 

TABLE  IX. 

Fermentation  of  Sodium  Pyruvate  by  Pentoae-Fermenting  Bacteria, 


Organism. 


Tube  No. 


Control 


No.  26. 


B,  acetoethylicum, 


Laciohacillue  pentoaceticua,  No.  41-11 


1 
2 

1 
2 

1 
2 

1 
2 


0.1  N  so- 
dium pyru- 
vate 
present. 


ec. 

11.0 
11.0 

11.0 
11.0 

11.0 
11.0 

11.0 
11.0 


0.1  N  alkali 
formed. 


cc. 

0.25 
0.60 

5.35 
6.60 

1.50 
2.20 

0.65 
1.22 


In  Tubes  1,  p3mivic  acid  prepared  in  the  laboratory  was  used. 

In  Tubes  2,  pyruvic  acid  prepared  by  Eastman  Company  was  used. 


TABLE  X. 
Fermentation  of  Pyruvic  Acid, 


0.1  Nacid. 

Tube  No. 

Control. 

Culture  26. 

Culture  41-11. 

ee. 

ec. 

ec. 

1 

3.50 

0.15 

2.15 

2 

3.90 

3.10 

3 

4.30 

0.20 

3.30 

4 

4.70 

0.20 

3.70 

5 

5.10 

1.60 

4.00 

due  to  its  sensitiveness  toward  alkaU.  It  is  essentially  an  acid 
producer  and  does  not  withstand  much  alkaU.  The  conclusions 
drawn  from  the  appearance  of  the  tubes  during  the  incubation 
are  borne  out  by  the  titrations  at  the  end  of  the  fermentation. 
If  we  judge  from  the  alkaU  developed,  about  one-half  the  pyru- 
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vate  had  been  fermented  by  No.  26,  about  one-seventh  by  Bacil- 
li^ acetoethylicum,  and  only  a  slight  amount  in  the  case  of  Lacto- 
bacilli^ penloaceticus.    The  titration  data  are  given  in  Table  IX. 

In  a  second  experiment  two  series  of  large  test-tubes  contain- 
ing varying  amounts  of  yeast  water  were  used.  SteriUzed  py- 
ruvic acid  was  added  to  these  tubes  from  time  to  time  and  at 
the  end  of  the  incubation  the  unfermented  acid  was  determined 
by  titration.  One  series  was  left  uninoculated  and  served  as 
controls,  a  second  series  was  inoculated  with  Culture  26,  and  a 
third  with  the  pentose  fermenter  No.  41-11.  Almost  complete 
destruction  of  pyruvic  acid  resulted  in  the  tubes  inoculated  with 
Culture  26  while  only  a  small  decrease  of  acid  occurred  in  the 
tubes  inoculated  with  Culture  41-11.  The  data  obtained  from 
the  titrations  are  given  in  Table  X.  These  two  experiments 
showed  that  pyruvic  acid  and  its  sodium  salt  could  be  fermented. 

An  attempt  was  therefore  made  to  ferment  sodium  pyruvate 
in  the  presence  of  sodium  sulfite.  To  100  cc.  of  1  n  pyruvic  acid 
were  added  80  cc.  of  1  n  sodium  carbonate  and  20  cc.  of  1  n 
sodiiun  sulfite,  and  this  solution  was  made  up  to  1,000  cc.  with 
yeast  water.  This  medium  is  then  equivalent  to  a  0.1  n  solution 
of  pyruvic  acid  and  contains  the  sulfite  in  the  form  of  the  acid 
sulfite.  It  was  sterilized  by  passing  through  a  Chamberland 
filter  and  18  cc.  portions  were  pipetted  into  sterile  fermentation 
tubes.  After  the  tubes  were  incubated  for  a  few  days  and  no 
growth  developed,  they  were  inocidated  in  dupUcate  with  Cul- 
tures 26,  41-11,  and  118-8.  One  tube  was  left  uninoculated  as  a 
control.  A  second  series  was  set  up  where  twice  as  much  sulfite 
was  added  to  the  medium.  The  day  after  inoculation  about 
0.5  cc.  of  gas  had  accumidated  in  the  tubes  inoculated  with 
Culture  26,  and  after  4  dajrs  this  amounted  to  about  4  cc.  The 
amount  of  gas  collected  in  the  tubes  inoculated  with  Cultures 
41-11  and  118-8  was  never  more  than  1  cc.  The  small  amount 
of  gas  accumulating  is  what  would  be  expected  since  sodium 
bicarbonate  is  formed  by  the  fermentation  of  sodium  pyruvate. 
At  the  end  of  the  fermentation  period  the  carbon  dioxide  in  the 
tubes  was  absorbed  with  sodium  hydroxide.  In  the  tubes  inocu- 
lated with  Culture  26  about  one-half  the  gas  remained  unab- 
sorbed  and  gave  a  test  for  hydrogen  with  a  lighted  splinter.  The 
cultures  were  analyzed  for  their  content  of  carbon  dioxide  by 
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means  of  the  Van  Slyke  apparatus  and  the  data  thus  obtained  are 
given  in  Table  XI.  In  all  the  cultures  the  production  of  carbon 
dioxide  is  clearly  indicated;  the  maximum  was  noted  in  the  case 
of  Culture  26.  If  the  carbon  dioxide  foimd  originated  entirely 
by  the  decarboxylation  of  the  pyruvate,  the  possible  maximum 
would  be  0.080  gm.  In  Tube  2  of  Series  1, 0.0604  gm.  of  CO2  was 
found. 

TABLE  XI. 

Fermentation  of  Sodium  Pyruvate  in  the  Presence  of  Sodium  Sulfite, 


Carbon  dioxide  produced  by 

Tube  No. 

Culture  26. 

Culture  41-11. 

Culture  118-8. 

gm. 

gm. 

gm. 

Series  1. 

Control. 

0.0016 

0.0016 

0.0016 

1 

0.0385 

•  0.0172 

0.0227 

2 

0.0604* 

0.0174 

0.0130 

Series  2. 

Control. 

0.0017 

0.0017 

1 

0.0457 

0.0167 

2 

0.0441 

•  Mercury  added  to  retain  gas. 

SUMMARY. 

In  the  presence  of  a  fixative,  acetaldehyde  is  formed  in  the 
fermentation  of  carbohydrates  by  three  types  of  pentose-ferment- 
ing  bacteria:  an  organism  related  to  the  colon-aerogenes  group, 
Culture  26;  Bacillus  acetoethylicum;  and  LddobaciUits  pentoacetums. 
Aldehyde  is  produced  from  glucose  and  starch  but  the  maximiun 
yield  is  obtained  from  xylose.  The  amount  formed  ranges 
from  0.020  to  0.157  gm.  per  100  cc.  of  culture  containing  2  per 
cent  of  the  carbohydrate.  The  acetaldehyde  is  fixed  in  the 
process  of  fermentation  by  means  of  sodium  sulfite  or  calcium 
sulfite.  The  quantity  of  aldehyde  found  is  proportional  to  the 
amount  of  fixative  used.  Because  of  the  alkalinity  of  sodium 
sulfite,  the  amount  that  can  be  added  is  limited.  Sodium  sul- 
fite was  more  effective  than  calcium  sulfite  as  a  fixative  for  the 
aldehyde. 
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The  production  of  acetaldehyde  is  correlated  with  the  produc- 
tion of  alcohol.  An  increase  in  the  former  results  in  a  decrease 
in  the  latter.  A  high  production  of  volatile  acid  is  associated 
with  the  formation  of  acetaldehyde.  These  results  emphasize 
the  intimate  relations  between  the  balanced  processes  of  reduction 
and  oxidation  that  exist  in  a  fermenting  solution. 

The  production  of  acetaldehyde  by  the  acetone-forming  organ- 
ism^  Bacillus  acetoethylicum,  is  of  particular  interest  since  it  is 
possible  that  through  the  condensation  of  the  aldehyde  and 
subsequent  processes  of  oxidation  and  decarboxylation  the 
acetone  is  formed. 

An  attempt  to  correlate  the  production  of  acetaldehyde  with 
Neuberg's  theory,  that  pyruvic  acid  is  an  intermediate  product 
in  sugar  fermentation,  did  not  give  conclusive  results.  Pyruvic 
acid  and  its  sodium  salt  are  fermented  to  a  greater  or  less  extent 
by  all  three  types  of  bacteria.  The  aerogenes-like  bacteria 
fermented  it  readily,  whereas  LactobcxiUus  pentoaceticua  gave 
but  a  slight  fermentation.  Among  the  products  formed  are 
carbon  dioxide,  hydrogen,  and  volatile  acid.  These  products 
were  also  formed  when  the  pyruvic  acid  was  fermented  in  the 
presence  of  sodiiun  sulfite,  but  neither  qualitative  nor  quantita- 
tive methods  showed  the  presence  of  acetaldehyde. 
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Renewed  interest  in  blood  chlorides  has  been  aroused  by  Allen,^ 
who  has  endeavored  to  show  that  salt  retention  is  the  cause  of 
pure  hypertension,  and  also  of  the  hypertension  in  many  cases  of 
kidney  disease.  The  estimation  of  this  constituent  has  been 
most  often  conducted  on  the  plasma,  rather  than  on  whole  blood, 
but  there  would  now  appear  to  be  some  question  as  to  the  reU- 
ability  of  plasma  analysis  in  this  connection  unless  the  plasma  is 
inmiediately  separated  from  the  corpuscles.  In  any  case  a 
significant  change  in  the  blood  chlorides  should  definitely  affect 
the  chloride  content  of  whole  blood  as  well  as  that  of  the  blood 
plasma.  The  practical  use  of  various  laboratory  tests  of  diag- 
nostic import  has  ordinarily  kept  pace  with  their  reliability  and 
simplicity.  That  the  estimation  of  the  blood  chlorides  has  not 
received  more  cUnical  consideration  must  be  ascribed  either  to 
lack  of  appreciation  of  the  possible  value  of  the  test,  or  to  the 
difficulties  in  technique.  A  method  of  chloride  estimation  is 
described  below  which  we  believe  contributes  to  the  simpUcity 
and  rapidity  of  the  test,  without  impairing  its  accuracy. 

Most  American  workers  who  have  studied  this  question  have 
employed  the  iodimetric  method  of  McLean  and  Van  Slyke,*  or 
some  modification  of  it.  With  their  original  method  the  blood 
proteins  were  removed  with  the  aid  of  heat,  acetic  acid,  mag- 
nesium sulfate,  and  blood-charcoal.  The  chlorides  were  then 
precipitated  in  acid  solution  with  silver  nitrate  and  the  excess 
was  titrated  with  iodine,  using  starch  as  an  indicator.    Owing  to 

1  Allen,  F.  M.,  /.  Am.  Med.  Assn.,  1920,  Ixxiv,  652. 

»  McLean,  F.  C,  and  Van  Slyke,  D.  D.,  J.  Biol.  Chem.,  1915,  xxi,  361. 
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the  difficulty  in  securing  suitable  blood-charcoal,  Harding  and 
Mason*'  modified  the  method  by  employing  copper  sulfate  and 
alkali  for  the  removal  of  the  protein.  Later  in  the  same  year 
Foster*  utilized  m-phosphoric  acid  to  remedy  the  same  difficidty. 
Almost  simultaneously  with  the  publication  of  the  McLean  and 
Van  Slyke  method,  Myers  and  Fine*  described  a  technique  of 
chloride  estimation  and  later  reported  a  few  observations  on  the 
blood  chlorides,*  although  these  were  not  then  discussed.  With 
this  method  the  proteins  were  coagulated  in  the  presence  of  five 
volumes  of  0.01  n  acetic  acid  with  a  total  dilution  of  1  to  10,  the 
last  trace  of  protein  being  removed  with  a  few  drops  of  colloidal 
iron.  The  chlorides  were  then  titrated  either  according  to  the 
Volhard-Arnold  method,  using  solutions  one-tenth  the  strength 
of  those  employed  for  urine,  or  directly  with  the  Mohr  method  in 
this  practically  neutral  solution.  The  disadvantage  of  this 
method  was  in  the  difficulty  of  obtaining  chloride7free  colloidal 
iron.  3  years  later  Rappleye'^  likewise  made  use  of  the  Volhard 
titration  for  the  estimation  of  chlorides  in  blood  plasma.  Still 
later  Van  Slyke  and  Donleavy®  greatly  simplified  the  McLean- 
Van  Slyke  technique  by  introducing  sufficient  picric  acid  into 
the  silver  nitrate-nitric  acid  reagent  to  precipitate  completely  the 
proteins  and  chlorides  in  one  operation.  Although  this  method 
proved  perfectly  satisfactory  for  plasma,  Austin  and  Van  Slyke' 
later  noted  that  it  gave  too  high  results  with  whole  blood,  appar- 
ently as  the  result  of  the  silver  being  bound  by  some  constituent 
in  the  corpuscles.  To  overcome  this  difficulty  for  whole  blood 
they  now  first  precipitate  the  proteins  with  saturated  picric  acid 
solution.  After  filtration  the  chlorides  are  then  estimated  essen- 
tially as  in  the  McLean-Van  Slyke  method. 

*  Harding,  V.  J.,  and  Mason,  E.  H.,  J,  Biol.  Chem.,  1917,  xxxi,  55. 

*  Foster,  G.  L.,  J,  Biol.  Chem.,  1917,  xxxi,  483. 

*  Myers,  V.  C,  and  Fine,  M.  S.,  Chemical  composition  of  the  blood  in 
health  and  disease.  New  York,  1915,  34.  also  Myers,  V.  C,  Post-Graduate , 
1915,  XXX,  38. 

«  Myers,  V.  C,  and  Fine,  M.  S.,  /.  Biol.  Chem.,  1915,  xx,  391. 
^  Kappleye,  W.  C,  J.  Biol.  Chem.,  1918,  xxxv,  509. 
8  Van  Slyke,    D.    D.,    and  Donleavy,    J.    J.,   J.    Biol.   Chem.,   1919, 
xxxvii,  551. 

»  Austin,  J.  H.,  and  Van  Slyke,  D.  D.,  J.  Biol.  Chem.,  1920,  xli,  345. 
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In  connection  with  the  present  study  we  have  tried  a  number 
of  methods  of  protein  precipitation,  including  the  timgstic  acid 
method  of  Folin  and  Wu.*"  None  of  these  has  proved  so  satis- 
factory in  our  hands  as  the  use  of  picric  acid  recommended  by 
Van  Slyke  and  Donleavy.  Several  years  ago  an  attempt  was 
made  to  utilize  the  picric  acid  filtrate  employed  in  the  estimation 
of  sugar  and  creatinine  for  the  chlorides,  but  at  that  time  this 
method  was  not  believed  to  be  so  satisfactory  as  the  heat  and 
acetic  acid  procedure.  Our  present  observations,  however,  con- 
firm the  findings  of  Austin  and  Van  Slyke  as  to  the  reliability  of 
picric  acid  as  a  blood  protein  precipitant  in  the  estimation  of 
chlorides.  Furthermore,  they  indicate  that  it  makes  little  dif- 
ference in  the  results  obtained  whether  the  blood  is  diluted  1  to 
20  as  in  their  technique,  or  1  to  10  or  5.  Since  the  1  to  5  dilution 
is  employed  in  the  estimation  of  sugar"  and  creatinine,'^  the  chlo- 
ride estimation  may  be  made  on  the  same  filtrate.  We  have 
preferred  to  adhere  to  the  Volhard  titration  partly  because  this 
allows  the  use  of  the  same  solutions  (diluted)  employed  in  the 
Volhard-Harvey*'  method  for  urine,  and  partly  because  of  the 
rather  rapid  deterioration  of  the  starch  indicator  used  in  the 
iodimetric  method.  When  the  starch  solution  is  fresh  the  end- 
point  is  very  sharp,  sharper  than  in  the  thiocyanate  titration, 
although  with  a  little  experience  the  latter  is  readily  recognized. 
Many  workers  have  complained  of  difficulties  with  the  silver 
chloride  filtration.  We  believe  that  the  quickest  and  most  satis- 
factory method  of  removing  this  rather  troublesome  precipitate 
is  with  the  aid  of  the  centrifuge  as  originally  suggested.* 

To  summarize  the  advantages  of  the  technique  described  for 
blood  chlorides,  the  estimation  may  be  carried  out:  (1)  on  the 
same  filtrate  as  used  in  the  estimation  of  creatinine  and  sugar; 
(2)  with  the  same  reagents  (diluted)  as  commonly  employed  for 
chloride  estimation  in  urine  (Volhard-Harvey  method);  and  (3) 
considerable  time  may  be  saved  by  removing  the  troublesome 
silver  chloride  precipitate  by  centrifuging  rather  than  by  filtration. 

*•  Folin,  O.,  and  Wu,  H.,  /.  Biol,  Chem.,  1919,  xxxviii,  81. 

"  Myers,  V.  C,  and  Bailey,  C.  V.,  /.  Biol.  Chem.,  1916,  xxiv,  147. 

^  Myers,  V.  C,  J.  Lab,  and  Clin.  Med.,  1920,  v,  666. 

"  Harvey,  8.  C,  Arch.  Int.  Med.,  1910,  vi,  12. 
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Method  for  Chloride  Estimation  in  Blood, 

When  blood  chlorides  only  are  to  be  estimated  there  are  some 
advantages  in  employing  the  1  to  10  dilution  and  this  technique 
will  be  described  first. 

Solutions  Required, 

1.  Silver  nitrate  of  such  strength  that  1  cc.  is  equivalent  to  1  mg.  of 
sodium  chloride,  2.904  gm.  to  1,000  cc.  It  may  be  prepared  by  a  1  to  10 
dilution  of  the  silver  nitrate  employed  in  the  Volhard-Harvey  method** 
for  urine. 

2.  Acid  ferric  alum  indicator  prepared  by  dissolving  100  gm.  of  crystal- 
line ferric  ammonium  sulfate  in  100  cc.  of  25  per  cent  nitric  acid  and 
adding  four  parts  of  distilled  water.  This  is  one-fifth  the  strength 
employed  for  urine. 

3.  Ammonium  thiocyanate  of  such  strength  that  2  cc.  are  the  equivalent 
of  1  cc.  of  the  above  silver  solution,  or  one-twentieth  of  the  strength 
employed  for  urine.  It  contains  approximately  0.65  gm.  of  the  thiocyanate 
to  1,000  cc. 

To  simplify  the  test  further  it  is  possible  to  combine  Solutions  1  and  2, 
two  parts  of  No.  1  and  one  part  of  No.  2  being  used  with  the  1  to  10  dilution 
of  the  blood,  this  combined  solution  being  further  diluted  with  one  part  of 
distilled  water  when  the  1  to  5  blood  dilution  is  employed. 

3  cc.  of  whole  blood  (or  plasma)  are  added  to  27  cc.  of  distilled 
water  in  a  50  cc.  centrifuge  tube.  About  0.5  gm.  of  dry  picric 
acid  is  then  added  and  the  mixture  stirred  until  protein  precipi- 
tation is  complete  and  the  whole  mixture  turns  a  bright  yellow 
color.  The  precipitate  is  now  thrown  down  by  centrifuging  for  a 
few  minutes  at  moderate  speed  and  the  clear  supernatant  fluid 
decanted  into  a  clean  dry  beaker.  (If  any  particles  remain  sus- 
pended the  fluid  should  be  filtered.) 

20  cc.  are  then  pipetted  into  a  clean  dry  50  cc.  centrifuge  tube 
and  20  cc.  of  standard  AgNOs  solution,  of  such  strength  that 
1  cc.  is  equivalent  to  1  mg.  of  NaCl  (Solution  1),  and  10  cc.  of  the 
dilute  acidified  ferric  alum  indicator  added  (Solution  2).  The 
contents  are  stirred  to  insure  thorough  mixing  and  the  AgCl  pre- 
precipitate  is  throwTi  down  in  the  centrifuge.  The  clear  super- 
natant fluid  is  decanted  into  a  clean,  dry  beaker  and  20  cc.  por- 
tions are  pipetted  into  each  of  two  small  porcelain  evaporating 
dishes  for  duplicate  titrations. 
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The  titration  is  made  with  ammonium  thioeyanate  solution  of 
such  strength  that  2  cc.  are  equivalent  to  1  ec.  of  the  AgNOj 
solution  (Solution  3).  The  end-point  is  definite  and  consists 
of  the  first  permanent  tinge  of  reddish  brown  which  extends 
throughout  the  mixture.  Some  experience  may  be  necessary 
before  the  end-point  is  always  recognized,  but  thereafter  there 
need  be  no  diflSculty  in  obtaining  exact  duplicate  titrations. 
Passing  the  end-point  by  one  drop  will  introduce  an  error  ordi- 
narily of  about  0.5  per  cent  in  estimating  chlorides  in  100  cc.  of 
blood  or  plasma. 

When  it  is  desired  to  utilize  the  1  to  5  picric  acid  filtrate 
employed  for  sugar  and  creatinine,  5  cc.  (equivalent  to  1  cc.  of 
blood)  are  employed,  instead  of  10  cc,  for  a  single  determination. 
If  this  method  is  to  be  followed  regularly  it  is  desirable  to  dilute 
the  indicator  solution  further  by  one-half.  In  this  case  5  cc.  of 
the  filtrate  are  pipetted  into  a  25  or  50  cc.  centrifuge  tube  and 
10  cc.  of  both  the  standard  silver  nitrate  and  ferric  almn  indi- 
cator added  (or  20  cc.  of  the  mixture  referred  to  under  "Solutions 
required").  After  centrifuging  titration  is  carried  out  on  20  cc.  of 
the  supernatant  fluid  as  described  above. 

The  calculation  is  10  -  (~^  X  j  j  X  100  =  mg.  of  NaCl 

in  100  cc.  of  whole  blood  or  plasma. 

With  the  above  method  it  has  been  found  possible  to  deter- 
mine the  sodimn  chloride  content  of  pure  solutions  with  an  error 
of  less  than  1  per  cent,  and  sodium  chloride  added  to  blood  may 
be  recovered  with  a  similar  degree  of  accuracy.  A  parallel  series 
of  results  obtained  with  the  Austin- Van  Slyke  method  and  the 
method  described  is  given  in  Table  I.  As  will  be  noted  there  is 
very  close  agreement  between  the  two  methods.  In  the  case  of 
the  method  described  it  apparently  makes  Uttle  difference  whether 
a  dilution  of  1  to  5  or  1  to  10  is  employed.  All  the  observations 
reported  in  the  table  were  obtained  on  whole  blood. 

In  his  first  paper  deaUng  with  the  chlorides  of  the  blood  plasma 
McLean^*  considered  the  influence  of  the  plasma  being  allowed 
to  stand  in  contact  with  the  cells.  He  concluded  that  the  change 
took  place  very  slowly  and  that  it  was  necessary  only  to  centri- 

"  McLean,  F.  C,  /.  Exp.  Med.,  1915,  xxii,  212. 
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fuge  within  2  to  3  hours  to  avoid  the  danger.  In  their  first  paper 
on  the  plasma  bicarbonate  Van  Slyke  and  CuUen^^  called  atten- 
tion to  the  effect  which  carbonic  acid  changes  in  whole  blood 
might  have  on  the  chloride  content  of  the  plasma,  a  loss  in  bicar- 
bonate resulting  in  an  increase  in  the  plasma  chloride.  This 
observation  has  recently  been  confirmed  and  extended  by  Fri- 
dericia,^'  who  states  that   estimation   of   the   chlorides  in  the 


TABLE  I. 

Comparison  of  Results  Obtained  with  Austin-Van  Slyke  Method  and  Method 

Described. 


NaCl  per  100  oc. 

Specimen. 

Austin- 
Van  Slyke 
method. 

Method  deecribcd. 

Remarks. 

1:10 
dilution. 

1:5 
dilution. 

!•   J.J 

2.  M.  B 

3.  S.  Jj 

4.  I.  S 

d.     W.   O 

6.  XV.  I 

7.  D. 

mg. 

456 
487 
487 
475 
447 
462 
475 
456 
587 
531 
475 

mg. 
456 

481 
462 
444 
462 

460 
584 
537 

mg. 

462 
487 
500 
481 
444 
467 
475 
456 
584 
537 
469 

Normal. 

Essential  hypertension. 

Slight  nitrogen  retention. 

Advanced  nephritis. 
«                « 

8.  XV.  K 

9.  F.  M 

10.  J.  C 

11.  M.  D 

Average 

485 

487 

plasma  or  serum  from  blood  which  has  been  kept  in  open  receiv- 
ers must  give  too  high  results,  because  chlorides  have  passed 
into  the  plasma  (or  sermn)  on  account  of  the  decreasing  CO2 
tension.  McLean,  Murray,  and  Henderson^ ^  have  likewise  con- 
sidered this  question  in  a  preliminary  way.  Observations  bear- 
ing on  this  question  are  given  in  Table  II.     In  taking  the  control 


"  Van  Slyke,  D.  D.,  and  Cullen,  G.  E.,  /.  Biol.  Chem.,  1917,  xxx,  317. 
>•  Fridericia,  L.  S.,  J.  Biol.  Chem.,  1920,  xlii,  245. 
^*  McLean,  F.  C,  Murray,  H.  A.,  Jr.,  and  Henderson,  L.  J.,  Proc.  Soc, 
Exp.  Biol,  and  Med.,  May  22,  1920. 


V.  C.  Myers  and  J.  J.  Short 


53 


specimens  of  blood  under  oil  the  technique  of  Van  Slyke  and 
Cullen"  was  followed.  The  subjects  were  normal,  two  being  men 
and  two  women.  In  general  it  will  be  noted  that  standing 
increased  the  chloride  content  of  the  plasma.  This  being  the  case, 
results  obtained  on  whole  blood  would  appear  to  be  more  trust- 
worthy than  those  obtained  on  plasma.  Whole  blood  ordinarily 
contains  about  100  mg.  less  NaCl  per  100  cc.  than  plasma. 

TABLE  II. 

Influence  of  Standing  on  Plasma  Chloride, 


Sabieot. 


A  •  V  •      9^  m  •••••• 

2.  L.  J 

3.  H.  C 

4.  F.  T 


Chloride 

content  of 

whole  blood 

(NaCl  per 

100  CO.). 


mg. 

506 
475 
538 
538 


Chloride  content  of  blood  pUwma  (NaCl  per  100  oc). 


Taken  under 
oil  and  sep- 
arated im- 
mediately. 


mg. 
600 

587 
644 
612* 


Taken  in 
oiMn  con- 
tainer and 
separated 
immedi- 
ately. 


mg. 

612 
644 
638 


Taken  in  open  container 
and  separated  later. 


Time. 


hrt. 

18 
2 
2 

24 


NaCl. 


mg. 

660 
612 
650 
644 


*  After  slow  aeration  for  5  min.  the  figure  was  616  mg. 


SUMMARY. 


A  method  of  chloride  estimation  in  blood  is  described,  in  which 
the  same  picric  acid  filtrate  employed  for  the  estimation  of  sugar 
and  creatinine,  and  the  same  solutions  (diluted)  ordinarily  em- 
ployed for  the  estimation  of  chlorides  in  urine  are  utilized. 


I 
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RAPID  COLORIMETRIC  METHODS  FOR  THE  DETERMI- 
NATION OF  PHOSPHORUS  IN  URINE  AND  BLOOD. 

By  RICHARD  D.  BELL  and  EDWARD  A.  DOISY. 

(From  the  Biochemical  Laboratories  of  Harvard  Medical  School j  Boston ,  and 
Washington  University  School  of  Medicine ^  St.  Louis.) 

(Received  for  publication,  July  29,  1920.) 

Several  years  ago,  Taylor  and  Miller  (1914)  described  a  method 
for  the  determination  of  phosphates  depending  upon  precipitation 
as  ammonimn  phosphomolybdate  and  colorimetric  estimation 
of  the  precipitated  molybdenum  by  reduction  with  phenyl- 
hydrazine.  Although  this  method  has  been  quite  extensively 
used,  and  other  reducing  agents  have  been  proposed,  the  obser- 
vation does  not  seem  to  have  been  made  previously  that  certain 
reducing  agents  will  reduce  pbosphomolybdic  acid  without 
affecting  moljbdic  acid.  By  taking  advantage  of  this  selective 
reduction,  the  molybdenimi  present  as  pbosphomolybdic  acid 
can  be  colorimetrically  determined  in  the  presence  of  an  excess  of 
molybdic  acid,  avoiding  the  necessity  of  isolating  the  anmionium 
phosphomolybdate.  ^ 

We  have  found  that  hydroxylamine  and  many  phenols  have 
this  selective  reducing  action  in  weakly  acid  solution  at  room 
temperature  and  we  have  selected  hydroguinone  as  the  most 
suitable  reducing  reagent.    The  color  produced  by  the  reduction 

*  After  this  paper  was  prepared  for  publication,  we  were  shown  the 
proof  of  a  paper  recently  published  by  Dr.  Wu  in  this  Journal,  in  which 
he  refers  to  this  specific  reduction  and  proposes  a  tentative  method  for 
the  determination  of  phosphate.  While  we  knew  that  Dr.  Wu  was  inves- 
tigating phosphotungstic  and  pbosphomolybdic  acids,  we  were  unac- 
quainted with  the  details  of  his  work  and  have  derived  no  information  from 
it.  We  demonstrated  the  reduction  of  pbosphomolybdic  acid  and  the 
non-reduction  of  molybdic  acid  by  hydroxylamine  in  the  presence  of  Dr. 
Wu  several  months  before  his  paper  was  sent  in  for  publication  and  stated 
that  we  intended  to  develop  methods  for  the  determination  of  phosphate 
on  this  basis.  We,  therefore,  do  not  feel  bound  by  his  implied  reservation 
of  this  field. 
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of  the  phosphomolybdic  acid  by  the  hydroquinone  is  intensified 
by  making  the  solution  alkaline  and  a  greenish  shade  due  to  the 
presence  of  quinone  is  removed  by  the  addition  of  sulfite.  The 
alkali  (carbonate)  and  the  sulfite  are  added  in  one  solution. 

If  hydroquinone  is  added  to  a  weakly  acid  solution  of  molybdic 
acid,  no  phosphate  being  present,  the  mixture  will  be  perfectly 
colorless  when  treated  with  alkaline  sulfite,  but,  if  phosphate  is 
present,  phosphomolybdic  acid  is  formed  and  reduced  giving  a 
blue  color.  As  little  as  0.005  mg.  of  phosphorus  as  phosphate 
gives  a  distinct  blue  color  in  a  volimie  of  100  cc.  The  reaction 
is  the  same  as  in  the  phenol  determination  of  Folin  and  Denis 
(1915),  except  that  in  our  case  there  is  an  excess  of  phenol,  and 
in  theirs  an  excess  of  phosphomolybdic  acid. 

In  the  actual  determination,  the  solution  to  be  determined  is 
placed  in  one  volumetric  flask  and  a  standard  solution  of  potas- 
sium phosphate  in  another.  Distilled  (phosphate-free)  water  is 
added  to  make  both  solutions  to  the  same  volume,  and  molybdic 
acid  and  hydroquinone  solutions  are  added  to  both.  After  stand- 
ing 5  minutes,  the  alkaline  sulfite  solution  is  added,  the  flasks  are 
made  up  to  volume,  and  the  colors  compared  in  the  colorimeter 
in  the  usual  manner  after  further  standiAg  of  5  to  10  minutes. 
It  is  possible  that  not  all  the  phosphomolybdic  acid  is  reduced 
by  this  process,  but  the  color  is  strictly  proportional  to  the 
amount  of  phosphate  present,  over  a  wide  range  of  concentration. 
The  imknown  and  the  standard  should  have  nearly  the  same 
acidity,  volume,  and  temperature  during  the  reduction  with 
hydroquinone  in  acid  solution,  since  variation  in  these  factors 
has  some  eflfect  on  the  final  depth  of  color. 

We  have  developed  methods  for  the  determination  of  inorganic, 
organic,  and  total  phosphorus  in  urine  and  inorganic  and  total 
acid-soluble  phosphorus  in  whole  blood,  plasma,  and  serum, 
using  the  solutions  given  below. 

Molybdic  Add  Solution, — 50  gm.  of  pure  ammonium  molyb- 
date  are  dissolved  without  heat  in  1  liter  of  phosphate-free  nor- 
mal sulfuric  acid.  5  cc.  of  this  solution,  treated  with  an  equal 
amount  of  the  hydroquinone  solution  and,  after  standing  5 
minutes,  with  25  cc.  of  the  carbonate-sulfite  solution,  should 
give  an  absolutely  colorless  mixture.  If  the  ammonium  molyb- 
date  contains  phosphate,  it  may  be  purified  as  follows:  150  gm.  of 
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ammonium  molybdate  are  dissolved  in  1  liter  of  water  and  added 
to  375  cc.  of  concentrated  nitric  acid  (specific  gravity  1.42) 
which  has  been  diluted  to  1  liter.  200  gm.  of  ammonium  nitrate 
are  dissolved  in  this  mixture  and  the  whole  is  allowed  to  stand 
several  days  in  a  warm  place.  After  the  precipitated  ammonium 
phosphomolybdate  is  filtered  out,  the  filtrate  is  treated  with  two 
volumes  of  alcohol  and  then  with  anmionia  imtil  only  faintly 
acid  to  litmus.  The  molybdate  separates  completely  in  a  few 
minutes  and  is  filtered  out  with  suction,  washed  with  50  per  cent 
alcohol,  and  dried. 

This  solution  keeps  indefinitely.  The  formation  of  a  small 
amount  of  sediment  does  no  harm;  it  may  be  removed  by  decan- 
tation. 

Hydroquinone  Solution. — ^20  gm.  of  pure  hydroquinone  are  dis- 
solved in  1  liter  of  phosphate-free  water  and  1  cc.  of  concen- 
trated sulfuric  acid  is  added.  On  standing,  this  solution  becomes 
colored  due  to  the  formation  of  some  quinone.  A  moderate 
amount  of  color  does  no  harm  as  the  quinone  is  reduced  in  the 
determination  by  the  alkaline  sulfite  solution.  The  solution 
should  be  kept  tightly  stoppered  to  reduce  the  amount  of  oxida- 
tion by  the  air. 

Carbonate-Sidfite  Solution. — ^To  2,000  cc.  of  a  20  per  cent  solu- 
tion of  Na2C03  are  added  75  gm.  of  sodium  sulfite  dissolved  in 
500  cc.  of  water.  The  mixture  is  filtered.  The  presence  of  a 
moderate  amount  of  phosphate  in  this  solution  does  no  harm 
since  phosphomolybdates  are  not  formed  in  alkaUne  solution. 

Stock  Solution  of  Monopotasaium  Phosphate. — ^Pure  mono- 
potassium  phosphate  is  finely  ground  and  exposed  in  a  desiccator 
over  sulfuric  acid  for  several  days.  Of  this  dry  preparation, 
4.394  gm.  are  dissolved  and  made  up  to  1  hter  with  phosphate- 
free  water  in  an  accurate  volumetric  flask.  1  cc.  of  this  solution 
contains  1  mg.  of  phosphorus.  The  solution  should  be  preserved 
with  chloroform  and  kept  tightly  stoppered. 

Standard  Phosphate  Solution  for  Urine. — Of  the  above  stock 
solution  of  phosphate,  50  cc.  are  accurately  measured  into  a  500 
cc.  volumetric  flask  and  made  up  to  volume  with  phosphate- 
free  water.  This  solution  should  also  be  preserved  with  chloro- 
form. If  the  solution  becomes  turbid  or  if  molds  appear,  a  new 
solution  should  be  made  up.  5  cc.  of  this  solution  contain  0.5 
mg.  of  phosphorus. 
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Dilute  Standard  Phosphate  Solution  for  Blood. — 5  cc.  of  the 
stock  phosphate  solution  are  made  up  to  1,000  ee.  and  preserved 
with  chloroform  in  the  same  manner  as  the  standard  solution  for 
urine.    5  cc.  of  this  solution  contain  0.025  mg.  of  phosphorus. 

Urine. 

Inorganic  Phosphate. — 1  to  5  cc.  of  urine,  according  to  concen- 
tration, are  accurately  measured  into  a  100  cc.  volumetric  flask 
and  25  cc.  of  phosphate-free  water  added.  In  a  similar  flask  are 
placed  5  cc.  of  the  standard  phosphate  solution  for  urine,  also 
with  25  cc.  of  water.  To  both  flasks  are  added  5  cc.  of  the  molyb- 
dic  acid  solution  and  5  cc.  of  the  hydroquinone  solution.  After 
standing  5  minutes,  25  cc.  of  the  carbonate-sulfite  solution  are 
added  and  the  flasks  made  up  to  volume  and  mixed.  The  solu- 
tions are  read  after  5  to  10  minutes.  While,  the  color  is  not 
absolutely  permanent,  we  have  found  that  the  standard  and  the 
unknown  fade  at  almost  exactly  the  same  rate,  and  that  readings 
made  at  the  end  of  an  hour  give  the  same  result  as  those  made  at 
the  end  of  5  minutes.  However,  the  solution  in  the  cup  of  the 
colorimeter  does  not  fade  at  the  same  rate  as  that  in  the  flask, 
and  both  cups  of  the  colorimeter  should  be  filled  at  the  same 
time  whenever  a  comparison  is  to  be  made. 

If  the  urine  is  read  against  the  standard  set  at  20  nun.  the 
calculation  is  as  follows: 

10 

j:; — t: -; : T  =  Gm.  inorganic  P  per  liter 

Reading  X  cc.  urine  used  °  * 

If  an  insuflScient  amount  of  water  is  added  to  the  urine  before- 
adding  the  molybdic  acid,  certain  urinary  constituents  are  pre- 
cipitated by  the  phosphomolybdic  acid  leading  to  shghtly  high 
results. 

Since  1  to  4  cc.  of  urine  are  diluted  to  100  cc.  during  the  deter- 
mination, the  color  of  the  urinary  pigments  seldom  interferes  with 
the  determination.  We  have  even  determined  urines  containing 
bile  by  the  above  process.  If  the  color  of  the  urine  is.  trouble- 
some, it  may  ben^moved  by  adsorption.  For  this  purpose  we 
have  found  certain  samples  of  ''activated  carbon,"  prepared  by 
the  National  Carbon  Company  of  Cleveland,  to  be  satisfactory.. 
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A  carbon  to  be  used  for  this  purpose  should  be  carefully  tested  by 
comparing  determinations  on  the  standard  solution  with  and 
without  treatment  with  carbon,  to  insure  that  phosphate  is 
neither  added  nor  removed. 

Total  Phosphorus. — 1  cc.  of  urine  is  measured  with  an  Ostwald 
pipette  into  a  hard  glass  test-tube  and  6  to  8  drops  of  concen- 
trated sulfuric  acid,  1  cc.  of  concentrated  nitric  acid,  and  a  piece 
of  quartz  are  added.  The  tube  is  cautiously  heated  until  nitrous 
fumes  no  longer  come  off  and  the  remaining  drops  of  sulfuric 
acid  are  colorless.  Care  should  be  taken  to  avoid  evaporating  to 
dr3niess  or  pronounced  overheating  which  may  cause  loss  of 
phosphoric  acid.2  The  remaining  few  drops  of  sulfuric  acid  are 
transferred  to  a  100  cc.  volumetric  flask  with  about  25  cc.  of 
phosphate-free  water.  Into  a  similar  volumetric  flask,  contain- 
ing 4  to  6  drops  of  concentrated  sulfuric  acid,  arc  measured  2,  3, 
or  5  cc.  of  the  standard  phosphate  solution  for  urine,  the  amount 
being  determined  by  the  result  found  for  inorganic  phosphate. 
Having  been  brought  to  the  same  volimie  with  phosphate-free 
wat^r,  the  standard  solution  and  urine  are  treated  and  compared 
as  in  the  determination  of  inorganic  phosphate.  If  the  urine  is 
compared  with  the  standard  set  at  20  nun.,  the  calculation  is  as 
follows: 

2  X  cc.  standard  used 


Reading 


=  Gm.  total  P  per  liter 


Organic  Phosphorus, — ^As  pointed  out  by  Taylor  ^,nd  Miller 
(1914),  it  is  not  permissible  to  estimate  organic  phosphorus  by 
subtracting  inorganic  from  total  phosphorus  since  the  amount  of 
organic  phosphorus  is  so  small.  They  reconunend  precipitation 
of  the  inorganic  phosphate  with  barium  and  determination  of  the 
organic  phosphorus  in  the  filtrate.  The  technique  is  as  follows: 
20  cc.  of  the  urine  are  measured  into  a  25  cc.  volumetric  flask, 
made  just  alkaline  with  powdered  barium  hydroxide,  filled  to  the 

*  We  have  not  found  that  the  addition  of  cane  sugar  as  recommended 
by  Bloor  has  any  influence  on  the  amount  of  phosphorus  obtained  by  our 
method.  It  is  possible  that  phosphoric  acid  compounds  of  the  type  men- 
tioned by  Bloor  might  give  the  full  amount  of  color  by  our  method  and 
yet  fail  to  be  precipitated  by  his  strychnine  molybdate  reagent.  On  the 
other  hand,  pyro-  and  m-phosphoric  acids  do  not  form  phosphomolybdic 
acid  and  so  escape  determination  by  our  method. 
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mark  i^ith  water,  and  filtered.  The  precipitate  contains  barium 
sulfate  and  phosphate.  To  remove  the  excess  of  barium,  20  cc. 
of  this  filtrate  are  measm^d  into  another  25  cc.  flask,  made  just 
acid  with  dilute  sulfuric  acid,  filled  to  volume,  and  filtered.  An 
excess  of  sulfuric  acid  is  to  be  avoided  since  it  affects  the  final 
acidity  of  the  determination.  1  cc.  of  this  second  filtrate  is 
equivalent  to  0.64  cc.  of  the  original  urine. 

We  have  made  a  few  determinations  of  organic  phosphorus  in 
the  following  manner:  10  cc.  (equivalent  to  6.4  cc.  of  urine)  of 
filtrate  prepared  as  above  are  evaporated  with  8  to  10  drops  of 
concentrated  sulfuric  acid  to  about  2  cc,  and  2  cc.  of  concen- 
trated nitric  acid  are  added.  The  digestion  is  carried  out  as 
described  under  "Total  phosphorus"  and  the  residue  transferred 
to  a  25  cc.  flask  with  10  cc.  of  distilled  water.  In  another  similar 
flask  are  placed  5  cc.  of  the  dilute  standard  solution  for  blood 
(equivalent  to  0.025  mg.  of  P),  4  to  6  drops  of  concentrated  sul- 
furic acid,  and  5  cc.  of  water.  To  both  flasks  are  added  1  cc.  of 
the  molybdic  acid  solution  and  2  cc.  of  the  hydroquinone.  After 
5  minutes,  10  cc.  of  the  carbonate-sulfite  solution  are  added,  and 
the  flasks  made  up  to  volume  and  read  as  usual,  except  that  it  is 
better  to  set  the  standard  at  30  or  40  mm.  instead  of  20  mm. 
If  the  urine  is  read  against  the  standard  set  at  40  mm.,  the  calcu- 
lation is  as  follows: 

1,000 

Mg.  organic  P  per  liter 


Reading  X  6.4 

Urines  high  in  organic  phosphorus  may  be  read  against  a 
stronger  standard.  It  is  better,  for  most  urines,  to  use  the  dilute 
standard  described  above,  rather  than  to  increase  the  amount  of 
urine  filtrate  used,  since  the  smaller  the  amoimt  of  urine,  the 
easier  is  the  digestion. 

Determinations  of  organic  phosphorus  should  be  done  on 
fresh  urines,  since,  as  pointed  out  by  Mathison  (1909),  the  values 
decrease  on  standing. 

We  have  also  determined  the  organic  phosphorus  in  urine  by 
precipitating  the  inorganic  phosphate  with  magnesium  citrate 
as  described  below,  and  estimating  the  phosphorus  in  the  filtrate. 
The  values  thus  obtained  are  sUghtly  higher  and  probably  more 
accurate  than  those  obtained  by  the  barium  precipitation,  but  the 
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determination  is  not  so  convenient  and  requires  at  least  8  hours 
for  complete  precipitation. 

Aecwr(u:y, — We  attempted  to  check  the  results  secured  on 
urines  by  these  methods  against  gravimetric  determinations  of 
inorganic  phosphate.  50  cc.  portions  of  urine  were  precipitated 
with  magnesium  citrate  according  to  the  technique  of  Mathison 
(1909)  and  filtered  after  standing  over  night.  The  paper  and 
precipitate  were  dried  over  nightr  at  room  temperature  and 
weighed.  The  precipitate  was  then  brushed  off  the  paper  ^nd 
the  paper  reweighed  as  suggested  by  Jones  (1916).' 

Table  I  gives  the  values  for  inorganic  phosphate  obtained  by 
this  gravimetric  process,  by  our  colorimetric  method,  and  by  the 
uranium  titration,  using  ferrocyanide  as  indicator.  The  results 
by  the  uranium  titration  are  usually  distinctly  higher  than  by  the 
other  two  methods.  The  colorimetric  and  gravimetric  methods 
both  give  good  duplicate  determinations,  but  the  colorimetric 
values  are  higher. 

That  the  difference  between  the  results  by  the  gravimetric 
and  colorimetric  methods  is  due  to  too  low  results  by  the  former, 
is  indicated  by  the  values  in  Table  II.  The  determinations  in 
this  series  were  done  just  as  in  the  first  series  except  that  the 
filter  papers,  after  reweighing,  were  extracted  with  dilute  sulfuric 
acid  and  the  phosphate  thus  recovered  was  determined  colori- 
metrically.  The  first  column  under  gravimetric  determination 
in  Table  II  gives  the  result  calculated  from  the  weight  of  precipi- 
tate obtained,  the  second  column  gives  the  additional  amount 
calculated  from  the  precipitate  adhering  to  the  filter  paper,  and 
the  third  column  gives  the  sum  of  these  two.  In  this  second 
series,  the  results  by  the  colorimetric  and  the  corrected  gravi- 
metric methods  are  in  much  better  agreement  than  in  the  first 
series.  The  results  by  the  uranium  titration  tend  to  be  higher 
than  .those  by  the  other  methods,  and  this  is  especially  true  in 
the  urines  containing  albmnin  and  bile. 

Although  the  filter  paper  (7  cm.,  Schleicher  and  SchuU's  No. 
689,  black  ribbon)  was  as  small  as  could  be  conveniently  used, 
examination  of  the  column  of  corrections  shows  that  quite  large 

'  This  method  of  determination  was  suggested  to  us  by  Dr.  C.  H.  Fiske 
of  this  department,  to  whom  we  are  also  indebted  for  other  valuable 
suggestions. 
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TABLE  I. 
Inorganic  Phosphate  as  P  per  Liter. 


Urine. 

Gravimetric. 

Colorimetric. 

Urmniam. 

gm. 

pm. 

gm. 

1.  Normal  mixed. 

0.135 
0.135 

0.145 

2.       " 

0.119 

0.127 

• 

0.119 

3.       " 

0.5568 

0.555 

0.562 

0.5564 

0.553 

4.       " 

0.2388 

0.253 

0.262 

0  2384 

0.255 

0.260 

5.       " 

0.1356 

0.143 

0.145 

0.1356 

0.142 

0.146 

6.       " 

0.2899 

0.294 

0.310 

0.2899 

0.294 

0.307 

7.  Sugar  1  per  cent;  FeClj+++. 

0.3954 

0.421 

0.415 

0.3954 

0.416 

0.414 

S.       "     2    "       "      FeCl,-f++. 

0.1911 

0.216 

0.213 

0.1915 

0.218 

0.210 

9.  No  sugar;  FeCl,+++. 

0.3706 

0.406 

0.392 

0  3713 

0.389 

10.  Albumin  +++. 

0.4408 

0.455 

0.445 

0.4417 

0.450 

11.  Normal  mixed. 

0.3000 

0.308 

0.313 

0.3012 

• 

4a.       " 

0.2850 

0.284 

*8a.  Sugar  present. 

0.1918 

0.211 

0.209 
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TABLE  II. 

Inorganic  Phosphate  a«  P  per  Liter. 


TT_I-*  ^ 

Gravimetric 

• 

Colori  met- 
ric. 

Lnne. 

Weighed. 

Correc- 
tion. 

Corrected 
value. 

Uranium. 

■ 

gm. 

gm. 

gm. 

gm. 

gm. 

12.  Normal  mixed. 

0.5739 

0.0028 

0.5767 

0.584 

0.564 

0.5693 

0.0073 

0.5766 

0.570 

0.5703 

0.0056 

0.5759 

13.  Sugar     2.3     per     cent; 

0.2315 

0.0090 

0.2405 

0.235* 

0.263 

FeCl,-|-+;  albumin  -f. 

0.269 

14.  Sugar     0.1      per      cent; 

0.2169 

0.0068 

0.2237 

0.227 

0.225 

FeCU-. 

0.2134 

0.0096 

0.2230 

0.224 

14a.  Same  as  No.  14,  2  days 

0.2399 

0.0084 

0.2483 

0.244 

later. 

15.  Sugar     0.2     per      cent; 

0.1244 

0.0010 

0.1254 

0.124 

0.127 

FeCl,-|-|-|-. 

0.1254 

0.0007 

0.1261 

16.  Sugar     1.5      per      cent; 

0.1840 

0.0048 

0.1888 

0.188 

0.193 

FeCl,++. 

0.1858 

0.0035 

0.1893 

0.195 

17.  Sugar     0.4     per     cent; 

0.4649 

0.0192t 

0.4841 

0.485 

0.515 

FeCl,-;  bile-|-+. 

0.4700 

0.0167t 

0.4867 

18.  Normal  mixed. 

0.2599 

0.0035 

0.2634 

0.258 

0.269 

0.2599 

0.0035 

0.2634 

0.260 

0.271 

19.       " 

0.1524 

0.0030 

0.1554 

0.157 

0.162 

0.1532 

0.0025 

0.1557 

0.158 

0.162 

20.       " 

0.1636 

0.0018 

0.1654 

0.166 

0.169 

0.1641 

0.0015 

0.1656 

0.167 

0.170 

*  This  value  was  obtained  after  clearing  with  carbon.  The  urine  con- 
tained much  mucus  and  was  very  turbid. 

t  The  precipitate  in  this  urine  was  extremely  fine  so  that  some  of  it 
passed  through  the  filter.  This  was  collected  by  centrifuging,  and  is 
included  in  the  correction. 
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and  variable  amounts  of  precipitate  adhere  so  firmly  that  they 
cannot  be  brushed  loose.  The  amount  of  this  adhering  pre- 
cipitate varies  with  different  urines,  though  it  is  usually  ijeariy 
the  same  in  duplicate  determinations,  and  it  is  perhaps  depend- 
ent on  variations  in  crystal  size  and  shape  in  different  urines. 
The  urines  having  the  largest  corrections  are  those  containing 
albiunin  and  bile.  When  dealing  with  50  cc.  of  urine,  it  is  evi- 
dent that  satisfactory  dupUcate  determinations  by  weighing 
magnesiiun  anunonium  phosphate  are  no  guarantee  of  accuracy. 
However,  the  variations  obtained  with  different  urines  and  the 
low  correction  in  certain  urines  (Nos.  15  and  20,  Table  II)  suggest 
that  with  other  material  the  adhering  precipitate  may  be  much 
less. 

Blood, 

For  the  determination  of  the  inorganic  and  acid-soluble  phos- 
phorus in  blood  we  have  made  use  of  trichloroacetic  acid.  The 
acid  ammonium  sulfate  used  by  Bloor  (1918)  cannot  be  con- 
veniently used  with  our  method  on  account  of  the  large  amount 
of  salts  in  the  filtrate.  The  tungstic  acid  filtrates  of  Folin  and 
Wu  (1919)  give  consistently  low  results,  probably  due  to  the  for- 
mation of  phosphotungstic  acid  from  the  tungstic  acid  reagent 
and  the  inorganic  phosphate  of  the  blood  and  combination  of 
this  substance  with  the  protein  precipitate.  The  acetic-picric 
acid  filtrates  of  Grecnwald  (1916)  cannot  be  used  for  the  deter- 
mination of  inorganic  phosphate  by  our  method  on  account  of 
the  interference  of  the  color  of  the  picric  acid.  Acetic-picric 
acid  filtrates  can  be  used  for  the  determination  of  the  total  acid- 
soluble  phosphorus  if  the  picric  acid  is  driven  off  as  described 
by  Greenwald  and  the  residue  digested  with  nitric  and  sulfuric 
acids.  We  have  always  found  trichloroacetic  acid  to  be  free 
from  phosphorus,  but  all  samples  should  be  tested. 

We  have  found  that  a  dilution  of  1:5  is  sufficient  for  normal 
plasma  and  gives  the  same  result  as  a  dilution  of  1 :  10.  If  the 
plasma  is  suspected  to  be  high,  or  if  whole  blood  is  used,  we 
recommend  a  dilution  of  1:10.  5  cc.  of  plasma  are  mixed  with 
15  cc.  of  distilled  water  in  a  25  cc.  voliunetric  flask  and  5  cc.  of 
20  per  cent  trichloroacetic  acid  added  with  shaking.  The  flask 
is  filled  to  the  mark  with  water,  mixed,  and  after  10  minutes  is 
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filtered  through  a  phosphate-free  (acid-washed)  filter.  If  whole 
blood  is  iised,  5  cc.  are  laked  by  mixing  with  35  to  40  cc.  of  dis- 
tilled water  in  a  50  cc.  volumetric  flask  and  5  cc.  of  20  per  cent 
trichloroacetic  acid  are  added  with  shaking.  The  flask  is  made 
up  to  volume,  and  filtered  after  10  minutes. 

Inorganic  Phosphate, — To  10  cc.  of  the  trichloroacetic  acid 
filtrate  in  a  25  cc.  volimietric  flask  are  added  1  cc.  of  the  molybdic 
acid  solution  and  2  cc.  of  the  hydroquinone  solution.  At  the 
same  time,  molybdic  acid  and  hydroquinone  are  added  to  a  sim- 
ilar flask  containing  10  cc.  (equivalent  to  0.05  mg.  of  P)  of  the 
dilute  standard  phosphate  solution  for  blood,  and  either  1  or  2  cc. 
of  20  per  cent  trichloroacetic  acid,  according  to  whether  a  dilution 
of  1:10  or  1:5  has  been  used.  After  5  minutes,  10  cc.  of  the 
carbonate-sulflte  solution  are  added,  and  the  flasks  are  made  up 
to  volume  and  mixed.  The  colors  are  compared  after  5  to  10 
minutes.  If  the  imknown  is  read  against  the  standard  set  at 
20  mm.,  the  calculation  is 

100 

P  ^. —  =  Mg.  P  per  100  cc.  (if  1 :  10  dilution  was  used) 


or 


50 

=  Mg.  P  per  100  cc.  (if  1:5  dilution  was  used) 


Reading 

It  may  be  necessary  to  use  a  stronger  standard  or  less  filtrate 
in  bloods  containing  much  phosphorus.  The  proper  standard 
and  amoimt  of  filtrate  may  be  roughly  estimated  before  the  deter- 
mination is  made.  A  5  cc.  mark  is  made  on  two  small  similar 
test-tubes.  In  one  of  these  tubes  is  placed  1  cc.  of  the  dilute 
standard  phosphate  solution  for  blood  and  in  the  other,  1  cc.  of 
filtrate.  About  10  drops  of  molybdic  acid  and  hydroquinone 
solutions  are  added  to  both  tubes,  and  after  a  few  minutes  the 
tubes  are  filled  to  the  mark  with  carbonate-sulfite  solution.  The 
amount  of  color  may  be  roughly  gauged  and  the  strength  of 
standard  and  amount  of  filtrate  decided  upon.  Serum  or  plasma 
may  be  roughly  estimated  in  the  same  manner  before  removing 
the  proteins  in  order  to  judge  the  proper  dilution  to  use. 

The  inorganic  phosphate  must  be  determined  in  the  trichloro- 
acetic acid  filtrate  as  soon  as  possible  after  filtering  since  the  acid 
tydrolyzes  the  organic  phosphorus  on  standing,  giving  too  high 
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results.  After  standing  24  hours,  the  values  for  inorganic  phos- 
phate and  total  acid-soluble  phosphorus  are  nearly  identical. 
One  plasma,  containing  9.6  mg.  of  acid-soluble  phosphorus  per 
100  cc,  gave  the  following  values  for  inorganic  phosphate:  30 
minutes  after  filtering,  8.8  mg.;  18  hours  after  filtering,  9.4  mg. 
Another  plasma,  containing  3.5  mg.  of  acid-soluble  phosphorus, 

TABLE  III. 
Inorganic  and  Total  Acid-Soluble  Phosphorus  as  P  per  100  Cc. 


Specimen. 


1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 


Plasma,  human. 


« 


« 


Whole  blood,  beef. 
«  «         it 


i 


Plasma,  human  (hemolysis) 

(diabetic).. 


u 
n 
n 


it 


it 


it 


(hemolysis) 

Whole  blood,  beef 

Plasma,  human  (diabetic) 

beef 

Same  as  No.  13  with  added  phos- 
phate (40  mg.  per  100  cc.) 


Inorganic 
phosphate. 


mg. 

3.5 

3.9* 

4.9 

5.1 

5.9 

9.0 

4.4 

4.4* 

4.5 

4.8t 

8.8 

5.1 

3.2 

8.0* 

47.7 


Acid-soluble  phosphor  us. 


Trichloro- 
acetic acid. 


mg. 

5.0 

4.0 

8.3 

8.6 

11.6 

10.5 

5.1 

4.4 

5.0 

4.7 

9.8 

10.3 

3.6 

8.1 


Acetic-picric 
acid. 


mg. 


4.8 
9.6 
10.3 
3.5 
8  0 


*  These  specimens  were  several  days  old  when  analyzed, 
t  The  filtrate  from  this  specimen  stood  24  hours  before  the  determina- 
tion was  carried  out. 


gave  the  following  values  for  inorganic  phosphate:  30  minutes 
after  filtering,  3.2  mg.;  90  minutes  after  filtering,  3.4  mg.;  5  hours 
after  filtering,  3.4  mg. 

Total  Acid-Soluble  Phosphorus. — The  total  acid-soluble  phos- 
phorus is  determined  in  a  manner  similar  to  the  total  phosphorus 
in  urine.  10  cc.  of  the  trichloroacetic  acid  filtrate,  in  a  hard 
glass  test-tube,  arc  evaporated  down  to  about  2  cc.  with  6  to  8 
drops  of  concentrated  sulfuric  acid  and  a  piece  of  quartz.     1  cc. 
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of  concentrated  nitric  acid  is  added  and  the  digestion  continued 
until  all  the  nitric  acid  has  been  driven  off  and  the  remaining 
drops  of  sulfuric  acid  are  clear.  The  residue  is  transferred  to  a 
25  cc.  volumetric  flask  with  about  10  cc.  of  distilled  water  and 
treated  as  under  inorganic  phosphate.  The  standard  to  be  used 
is  determined  by  the  value  previously  found  for  inorganic  phos- 
phate. 4  to  6  drops  of  concentrated  sulfuric  acid  are  added  to  the 
standard  to  balance  that  used  in  the  digestion  but  no  trichloro- 
acetic acid  is  added,  since  all  of  this  substance  is  volatilized 
during  the  digestion. 

Results. — Table  III  gives  some  values  obtained  by  these  meth- 
ods. The  agreement  between  the  trichloroacetic  acid  and  pic- 
ric acid  filtrates  is  satisfactory.  The  ratio  of  inorganic  to  total 
acid-soluble  phosphorus  is  about  that  usually  found  by  other 
methods. 


SUMMARY. 

Rapid  colorimetric  methods  are  described  for  the  determina- 
tion of  inorganic,  organic,  and  total  phosphorus  in  urine.  While 
not  so  accurate  as  suitable  gravimetric  determinations,  these 
methods  are  much  more  convenient  and  are  stifficiently  accurate 
for  many  purposes.  The  method  for  inorganic  phosp*hate  appears 
to  be  more  accurate  and  rapid  than  the  usual  uranium  titration. 

Methods  are  also  described  for  the  determination  of  inorganic 
and  acid-soluble  phosphorus  in  blood. 
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Since  Baumann's  epoch-making  paper  on  urinary  phenol, 
indican,  and  the  ethereal  sulfates  (1),  considerable  work  has  been 
dfone  on  the  quantitative  interrelations  of  these  substances,  and 
on  the  effect  of  diet  on  their  excretion.  Results  have  been 
obtained  as  contradictory  as  the  number  of  the  investigators  so 
that,  in  these  aspects,  the  literature  since  Baumann  is  a  dreary 
desert  of  mirages.  And  the  reason  is  not  hard  to  find.  In  the 
first  place,  Folin  and  Denis  (2)  have  shown  that  ethereal  sulfates 
must  necessarily  represent  a  var3dng  amount  of  phenol,  since 
the  degree  of  conjugation  of  these  substances  is  at  times  quite 
variable.  Furthermore,  the  methods  for  phenol  determination 
used  by  the  earlier  workers  were  so  crude  that  only  a  small  part 
of  the  urinary  phenols  could  have  been  accounted  for.  The 
phenols,  after  concentration  in  alkaline  solution  and  distillation 
from  acid  solution,  were  determined  either  gravimetrically  (3), 
by  precipitation  with  bromine;  or  volumetrically  (4),  by  titration 
with  iodine.  The  latest  modification  of  these  methods  was  pro- 
posed in  1912  (5).  It  still  involved  prolonged  heating  with  alkali 
which  destroys  phenols,  as  Folin  has  shown.  It  is  evident  that 
clearer  knowledge  had  to  waijb  on  better  analytical  methods  and 
that,  the  method  at  hand,  the  time  is  ripe  for  a  study  of  the 
effect  of  diet  on  the  excretion  of  these  substances. 

The  pioneer  work  of  Herter  and  Kendall  (6)  and,  more  recently, 
of  Rettger  and  his  coworkers  (7-9),  and  of  Torrey  (10,  11)  shows 

*  The  data  in  this  paper  are  taken  from  the  dissertation  presented  by 
George  Eric  Simpson  for  the' degree  of  Doctor  of  Philosophy,  Yale  Uni- 
versity, 1920. 
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that  diet  is  effective  in  regulating  the  character  of  the  intestinal 
flora.  It  is,  therefore,  of  prime  importance  to  know  the  effect  of 
diet  on  the  products  of  bacterial  metabolism  eliminated  in  the 
urine.  Are  the  changes  which  are  effected  in  bacterial  flora 
reflected  in  the  quantitative  excretion  of  these  products  of  their 
metabolism?  The  most  important  of  these  ^re  the  aromatic 
hydroxyacids  or  phenols,  and  indican.  By  putting  a  patient  on 
a  certain  regulated  diet,  can  it  be  said  that  the  processes  of  bac- 
terial metabolism  have  thereby  been  automatically  affected,  or  is 
it  necessary  in  order  to  ascertain  the  efficacy  of  certain  foodnstufifs 
in  the  regulation  of  intestinal  putrefaction  that  the  bacterial 
content  of  the  feces  be  determined?  Would  the  determination 
of  the  phenol  and  indican  excretion  give  the  same  information? 
The  present  paper  gives  the  results  of  a  quantitative  study  of 
the  effects  of  diet  on  the  phenol  and  indican  excretion  of  the 
normal  individual.  By  comparison  of  these  results  with  those 
of  Herter,  of  Rettger,  and  of  Torrey,  we  should  be  able  to  ascer- 
tain how  closely  excretion  of  these  substances  is  related  to  the 
extent  of  putrefactive  processes  in  the  intestine. 

HISTORICAL. 

Herter  and  Kendall  (6)  determined  the  effect  of  diet  on  the  processes 
of  intestinal  putrefaction  by  qualitative  bacterial  analysis  of  the  fecal 
flora.  When  the  subjects  of  their  experiments,  kittens  and  monkeys,  were 
on  a  diet  of  milk  and  cane-sugar,  the  aeidophiles  rapidly  replaced  the 
putrefactive  microorganisms  which  predominated  when  eggs  or  meat  were 
the  chief  constituents  of  the  dietary.  They  attributed  the  change  to  the 
dominant  position  of  carbohydrate  in  the  milk  and  cane-sugar  diet. 

Our  present  day  interest  in  the  effect  of  diet  on  the  bacteria  of  the 
intestinal  tract  has  been  crystallized  by  the  work  of  Rettger  and  his  pupils 
who  have  laid  especial  stress  on  the  influence  of  lactose  in  changing  the 
flora  in  the  intestine  of  rats  or  of  man  from  predominantly  putrefactive  to 
predominantly  acidophilic  in  character.  Torrey  (10),  working  on  dogs, 
found  that  lactose  and  dextrin  were  both  highly  efiQcacious  in  transforming 
the  flora  of  these  animals.  As  little  as  30  gm.  of  lactose  or  dextrin  added 
to  a  diet  of  rice  and  beef  heart  were  able  to  produce  this  change.  When 
starchy  foods  were  fed,  there  was  always  a  tendency  toward  the  simpli- 
fication of  intestinal  flora  with  elimination  of  the  putrefactive  types. 

Hirschler  (12),  a  pupil  of  Baumann's,  was  the  first  to  demonstrate  by 
in  vitro  experiments  the  inhibitory  action  of  carbohydrates  on  intestinal 
putrefaction.  Underbill  (13),  in  feeding  experiments  with  dogs,  showed 
that  indican  excretion  was  related  to  the  tr3rptophane  building-stone  of 
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the  ingested  protein.  Homer  (14),  on  the  other  hand,  was  unable  to  find 
any  increased  excretion  of  indican  after  feeding  tryptophane  and  believed 
that  bacterial  action  on  tryptophane  was  not  a  factor  in  indican  formation. 
After  the  development  of  an  accurate  method  for  phenols,  Folin  and 
Denis  (15-17)  were  able  to  carry  out  far  more  phenol  determinations  than 
had  ever  previously  been  reported,  and  thus  provided  our  first  accurate 
knowledge  of  the  quantitative  elimination  of  these  substances.  This 
knowledge  of  the  phenol  excretion  has  been  extended  by  the  work  of  Dubin 
(18,  19).  Moore  (20)  applied  the  method  to  a  study  of  phenol  elimination 
in  infants  and  found  that  phenol  excretion  varied  directly  with  the  protein 
intake,  in  agreement  with  Folin's  results  on  the  adult. 

EXPERIMENTAL. 

Since  the  development  of  Folin's  method  for  phenols  in  urine, 
an  extended  study  of  phenol  and  indican  excretion  has  not  been 
carried  out  on  the  normal  individual.  Such  a  study  is  necessary 
in  order  that  an  intelligent  interpretation  of  pathological  data 
may  be  possible.  It  has  been  shown  by  the  results  of  previous 
workers  that  such  a  study  to  be  of  value  should  meet  certain 
requirements.  Any  diet  should  be  given  for  a  suflScient  time  that 
its  effect  on  the  bacterial  flora  and  hence,  presumably,  on  indican 
and  phenol  excretion,  may  become  completely  established. 
Since  Dubin  has  shown  in  his  work  on  dogs  that  given  a  uniform 
diet  the  phenol  excretion  tends  to  remain  almost  constant  in  the 
individual,  while  the  level  of  elimination  may  vary  markedly  in 
different  individuals,  the  effect  of  various  diets  should  be  deter- 
mined in  a  single  individual  in  order  that  comparison  may  be 
possible. 

For  the  duration  of  the  experiment  artificial  stimulation  of 
peristalsis  shoulcf  be  excluded,  since  it  would  introduce  a  variable 
which  has  been  shown  to  lower  the  urinary  phenol  excretion  con- 
siderably. Furthermore,  natural  evacuation  of  the  bowel  should 
be  regular  and  complete. 

General  Plan  of  the  Investigation. 

The  present  paper  is  based  on  studies  in  phenol  and  indican 
excretion  of  a  dog  extending  over  a  period  of  3  months,  and  of  a 
normal  student  for  a  consecutive  period  of  1^  months  at  one  time 
and  for  15  days  at  another  time.    The  excretion  by  two  other 
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normal  males  was  followed  for  shorter  periods.  The  effect  of  the 
following  nitrogenous  foods,  when  ingested  in  large  amount,  was 
investigated:  gelatin,  a  tryptophane-free  source  of  nitrogen; 
meat,  a  typical  animal  protein;  Uver,  as  an  example  of  glandular 
tissue  hi^  in  nuclear  material;  kidney  beans,  a  vegetable  protein 
presented  in  the  form  in  which  such  proteins  are  usually  found  in 
the  dietary,  that  is  mixed  with  a  certain  amount  of  indigestible 
carbohydrate  material;  and  glidine,  a  mixture  of  wheat  proteins 
freed  from  carbohydrate  material. 

The  effect  of  the  carbohydrates,  lactose,  dextrin  (contained  in 
Zwiebach),  and  starch,  was  studied  in  three  different  individuals. 
These  experiments  are  not  so  valuable  as  they  would  have  been 
had  it  been  possible  to  carry  them  out  entirely  on  the  same 
individual.    Nevertheless,  they  are  extremely  suggestive. 

Methods. 

During  the  course  of  these  experiments,  24  hour  urine  samples 
were  collected.  Since  it  has  been  shown  by  Folin  and  Denis  (17) 
and  by  Dubin  that  little  phenol  is  excreted  in  the  feces  compared 
to  the  amount  in  the  urine;  and  by  Bergeim  (21)  that  the  amount  of 
indole  in  the  feces  is  exceedingly  small,  the  feces  were  not  collected. 
On  the  urines,  the  determination  of  total  nitrogen,  creatinine, 
phenols,  free  and  combined,  and  indican  was  carried  out.  Total 
nitrogen  was  done  by  the  macro  Kjeldahl  method,  creatinine  by 
the  method  of  Folin,  indican  by  Ellinger^s  permanganate  titra- 
tion method  (22),  and  phenols  by  the  method  of  Folin  and  Denis. 

All  determinations  were  carried  out  in  duplicate,  except  the 
creatinine.  When  there  was  a  tendency  towar(>  variation  in  the 
amount  of  creatinine,  duplicate  determinations  were  performed 
here  also. 

In  the  experiments  on  man  it  was  not  found  feasible  or  believed 
advantageous  to  regulate  the  diet  completely.  At  the  beginning 
of  the  period  for  urine  collection,  the  experimental  diet  was  taken. 
This  was  at  noon.  For  this  meal,  two  rolls  were  eaten  with  the 
experimental  nitrogenous  mixture.  It  was  found  necessary  to 
heat  the  gelatin  and  casein  with  substances  to  modify  their  taste. 
Half  the  gelatin  was  mixed  with  some  canned  chicken  soup  and 
eaten  hot.    The  rest  was  mixed  with  a  teaspoonful  of  sugar  and 


F.  P.  Underbill  and  G.  E.  Simpson  73 

the  juice  of  a  lemon  and  frozen  hard.  The  casein  was  boiled  for 
some  time  with  stewed  tomatoes.  A  homogeneous,  not  unpleas- 
ant tasting  mixture  resulted  The  meat  was  freed  from  visible 
fat,  ground,  and  boiled  for  ^  hour  with  a  small  amount  of  water. 
The  fat  which  separated  out  was  poured  off,  as  it  was  found  that 
otherwise  digestive  distress  ensued.  The  liver  was  weighed  out 
and  fried.  The  larger  pieces  of  connective  tissue  were  not  eaten. 
The  lactose  was  mixed  with  a  cup  of  water  and  a  drop  of  vanilla 
extract  and  taken  undissolved. 

For  supper,  Individual  A  received  a  small  amount  of  meat 
Qess  than  i  pound),  some  potatoes,  bread  or  other  food  high  in 
carbohydrate,  and  fruits  or  vegetables  of  large  cellulose  content. 
For  breakfast  a  roll,  prunes,  and  milk  were  taken.  An  endeavor 
was  made  to  keep  the  amount  of  roughage  at  all  times  approxi- 
mately constant.  A  record  was  kept  of  the  diet  to  aid  in  the 
interpretation  of  possible  anomalies.  During  the  protein  periods 
the  experimental  constituents  of  the  diet  far  overshadowed  in 
quantity,  and  it  is  believed  in  effect  on  intestinal  putrefaction, 
any  other  constituents  of  the  diet. 

In  the  experiments  on  high  carbohydrate  feeding,  carried  out 
on  Individuals  A,  B,  and  C,  the  diet  contained  no  meat  or  leg- 
umes. Individual  A  took  100  gm.  of  lactose  two  to  four  times  a 
day;  Individual  C,  li  pounds  of  Zwieback  to  provide  a  *' prac- 
tical" dextrin  diet.  The  basis  of  Individual  B's  diet  was  rice, 
bread,  potatoes,  bananas,  and  other  foods  containing  a  large 
amoimt  of  starch.  Individuals  A  and  C  supplemented  their 
experimental  diet  with  foods  of  high  starch  content. 

During  the  low  nitrogen  periods,  the  dog  received  the  following 
diet: 

3.4  gm.  nitrogen  as  meat,  gelatin,  casein,  kidney  beans,  etc. 
1.1     "         "         contained  in  meat. 
110        ''   cracker  meal  containing  2.1  gm.  nitrogen. 
26        "   lard. 
2        "   bone  ash. 

On  the  higher  level  of  nitrogen  intake,  the  amount  of  cracker 
tiXieal  was  reduced  by  half — from  110  to  55  gm. — and  the  protein 
'Ititake  increased  two-  to  threefold  to  give  the  calorific  equivalent 
^^f  the  cracker  meal. 
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In  the  experiments  in  which  100  gm.  of  lactose  were  fed  daily 
in  addition  to  a  large  amount  of  meat,  the  lard  was  omitted. 
The  diet  consisted  of: 

417  gm.  meat. 
100    "    lactose. 
55    **    cracker  meal. 
2    ''    bone  ash. 

Lest  the  presence  of  fat  might  be  a  factor  in  phenol  and  indican 
excretion,  during  the  meat  period  which  followed  these  lactose- 
meat  periods,  it  was  also  omitted,  since  it  was  desired  to  compare 
the  effect  of  the  two  diets  (see  Table  IV,  D89,  90,  and  91). 

From  the  meat  most  of  the  fat  and  connective  tissue  was 
removed.  It  was  ground  up  and  preserved  on  ice  in  small  sterile 
jars  until  needed.  The  beans  were  prepared  by  boiling  in  an 
autoclave  at  15  pounds  pressure  for  4  hours.  The  resulting 
mush  was  analyzed  for  nitrogen  and  substitution  was  made  accord- 
ingly. No  account  was  taken  of  the  appreciable  proportion  of 
nitrogen  which  here  did  not  represent  protein.  The  casein  was  a 
preparation  made  2  or  3  years  ago.  Cooper's  gelatin  was  used. 
Merck's  milk  sugar  was  used  in  the  lactose  experiments.  A 
mixture  of  wheat  proteins  was  suppUed  by  gUdine,  a  proprietary 
preparation  put  up  by  Menley  and  James,  New  York. 

Experiments  on  Man. 

Dubin,  in  his  work  on  the  dog,  found  that  when  the  animal 
had  been  on  an  unvarying  diet  for  a  few  days  the  excretion 
of  phenols  showed  a  high  degree  of  constancy,  the  extreme  vari- 
tions  falling  under  10  mg.  a  day.  In  our  dog  experiments,  phenol 
excretion  attained  the  same  degree  of  constancy  in  those  cases 
where  the  animal  was  kept  for  several  days  on  a  diet  in  which 
meat,  casein,  or  beans  were  fed  (Table  III,  Dl-41). 

Our  experiments  on  the  human  being  have  not  shown  this  con- 
stancy to  be  characteristic  of  the  subjects  of  these  experiments. 
Our  diets  were  not  so  strictly  regulated  as  those  of  the  dogs  in 
Dubin 's  experiments,  especially  as  to  water  intake,  since  it  was 
not  found  feasible  to  regulate  this  carefully. 

Then  too,  the  effect  of  diuresis  explains  many  of  the  variations 
in    phenol   excretion,   especially   those   unexpected   high   values 
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obtained  sometimes,  which  are  not  related  to  diet  changes. 
Thus,  Individual  C  (Table  II,  C5-8),  while  on  a  high  carbohy- 
drate diet,  had  been  excreting  an  amount  of  phenol  within  the 
range  of  excretion  of  the  other  subjects  on  similar  diets.  How- 
ever, on  January  6,  the  excretion  markedly  increased — from  295 
to  522  mg.  of  phenol  in  24  hours.  This  increase  is  associated 
with,  and  is  to  be  explained  by,  the  sharp  increase  in  the  volume 
of  the  urinary  output.  Thus,  in  the  days  when  the  urine  volume 
was  low  (C2-4),  an  average  of  740  cc.  being  excreted  daily,  the 
phenol  excretion  was  also  low,  averaging  342  mg.  daily,  as  com- 
pared with  that  of  the  3  days  when  the  urine  volume  averaged 
1,158  cc.  and  the  phenol  excretion  increased  to  an  average  of  530 
mg.  daily  (C5-7). 

There  is  still  another  factor.  In  man,  certain  inhibitions  may 
interfere  with  the  time,  and  hence  probably  with  the  complete- 
ness of  the  evacuation  of  the  bowel,  also.  In  the  case  of  the 
dog,  however,  this  is  not  a  factor. 

That  the  effect  of  change  of  diet  on  the  formation  of  phenols 
is  completely  overshadowed  by  the  factor  of  bowel  evacuation 
is  shown  by  the  high  phenol  values  when  the  regularity  of  defe- 
cation is  interfered  with.  Although  on  the  previous  day  there 
had  been  a  sweeping  out  of  phenol,  associated  with  diuresis, 
Subject  A,  on  August  5  (Table  I,  AS),  eliminated  a  much  larger 
amount  of  phenol,  -due  in  part  to  diuresis,  in  part,  undoubtedly, 
to  failure  in  evacuation  of  the  bowel.  This  effect  is  also  seen  on 
August  15,  when  defecation  occurred  three  times  within  24  hours 
and  phenol  excretion  decreased.  But  the  effect  is  seen  most 
clearly  when  the  subject  was  on  a  meat  diet  and  frequency  of 
defecation  increased.  The  decreased  phenol  and  indican  excre- 
tion on  August  24  and  on  September  15  is  due  to  no  other  cause. 
Thus  in  days  A27  and  A39,  there  was  a  decrease  of  over  100  mg. 
in  the  amount  of  phenol  eliminated  that  is  not  associated  either 
with  diuresis  or  diet  changes.  On  January  1  the  effect  is  even 
more  marked,  where,  as  the  result  of  enhanced  evacuation,  the 
urinary  excretion  of  phenol  and  indican  both  fell,  phenol  from 
410  to  147  mg.  and  indican  from  23  to  15  mg. 
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Effect  of  Diet  on  Phenol  and  Indican  Excretion, 

General. — In  the  periods  when  proteins  were  a  preponderating 
constituent  of  the  diet  of  Subject  A  (Al-43)  the  elimination  of 
phenol  is  well  over  400  mg.  a  day.  The  highest  value  for  the 
daily  excretion  of  total  phenols,  obtained  when  defecation  fre- 
quency was  not  an  interfering  factor,  was  676  mg.  (AlO),  the 
lowest  349  mg.  (A14),  the  average,  476  mg. 

In  the  low  protein  periods,  where  large  amounts  of  lactose 
were  ingested,  however,  the  phenol  excretion  was  always  well 
under  400  mg.  An  average  of  311  mg.  a  day  was  excreted  during 
the  8  days  of  this  regime.  Curiously  enough,  this  decrease  in 
phenol  excretion  on  the  low  protein,  high  lactose  diet  is  not 
associated  with  a  decrease  in  indican  excretion.  In  fact,  when 
we  come  to  consider  the  experiments  on  Subjects  B  and  C  as 
well  as  A,  it  is  seen  that  indican  and  phenol  excretion  may  vary 
quite  independently  of  one  another.  Thus,  Individual  B,  on  a 
diet  containing  much  carbohydrate,  excreted  much  more  indican 
than  Individual  A,  even  on  a  meat  diet,  although  this  diet  gave  a 
much  higher  indican  excretion  than  the  lactose  diet,  if  we  com- 
pare the  results  on  Individual  A  inter  se.  Nevertheless,  the 
phenol  excretion  of  Individuals  B  and  of  A  on  the  carbohydrate 
diets  was  of  the  same  degree.  Quite  diflferent  is  the  case  with  Sub- 
ject C.  In  only  one  instance  did  this  individual  excrete  detectable 
amounts  of  indican.  This  individual  was  excreting  far  more 
phenols  than  either  Subjects  B  or  A,  although  all  were  on  a  diet 
containing  large  amounts  of  carbohydrate.  Phenol  and  indican 
excretion,  then,  in  different  individuals,  may  bear  quite  a  different 
relation  to  one  another.  May  this  be  associated  with  differences 
in  the  character  of  the  flora — certain  strains  being  especially  prone 
to  metabolize  tryptophane,  for  instance? 

Consideration  of  the  ratio  of  the  total  phenols  to  total  nitro- 
gen should  answer  the  question:  Does  total  phenol  excretion 
parallel  the  total  nitrogen  of  the  food?  When  there  is  incomplete 
absorption  of  the  food,  shown  by  a  low  nitrogen  excretion,  is 
there  a  tendency  toward  the  manufacture  of  indican  and  phenol 
in  larger  amounts  than  usual?  In  the  experiments  on  man  it  is 
seen  that  this  ratio  tends  to  become  constant  when  the  diet  is 
regulated,  and  that  the  highest  values  are  found  during  the  high 
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lactose  period.  Is  this,  perhaps,  due  to  the  stimulating  effect  of 
this  relatively  insoluble  carbohydrate  on  bacterial  metabolism 
so  that,  from  the  small  amount  of  nitrogen  available,  a  compara- 
tively large  amount  is  utilized  by  the  microorganisms?  It  cannot 
be  overlooked  that  in  this  case  the  small  amount  of  protein  was 
supplied  by  potatoes  and  bread.  The  coefficient  of  digestibility 
of  these  proteins  has  been  shown  by  Mendel  and  Fine  (23)  to  be 
the  same  as  that  of  meat.  In  the  form  of  bread,  however,  the 
protein  is  evidently  protected  from  the  action  of  the  digestive 
juices  since  the  nitrogen  is  less  available  than  that  of  meat,  as 
shown  by  Woods  and  Merrill  (24).  In  this  case,  therefore,  more 
undigested  residue  may  reach  the  sphere  of  action  of  the  bacteria 
in  spite  of  the  low  nitrogen  intake,  and  thereby  give  rise  to  an 
increased  excretion  of  indican  and  phenol.  Of  the  two  influences, 
it  cannot  be  determined  which  was  effective. 

In  the  period  during  which  the  higher  level  of  nitrogen  intake 
was  maintained,  the  conjugated  phenols  represented  between  40 
and  50  per  cent  of  the  total  phenols.  In  only  four  instances  did 
the  degree  of  conjugation  fall  below  this  limit  (Table  I,  AlO,  11, 
24,  and  35).  In  the  first  and  third,  the  decrease  was  associated 
with  a  sudden  increase  in  total  phenols,  with  the  actual  amount 
of  conjugated  phenols  remaining  at  the  same  level.  In  general, 
it  may  be  said  that  the  degree  of  conjugation  remained  the  same 
in  spite  of  the  wide  differences  in  nitrogen  intake.  The  extent  of 
conjugation  rose  and  fell  with  the  total  phenol  excretion  except 
when  sudden  variations  were  encountered.  The  stimulating 
effect  of  high  phenol  excretion  on  the  degree  of  conjugation, 
noted  by  Dubin,  is  not  apparent  from  our  experiments,  except 
that  the  actual  amount  of  conjugated  phenols  increased  enough 
to  keep  the  proportion  of  conjugated  phenols  the  same. 

Gelatin.-r-Whcn  gelatin  was  the  chief  source  of  nitrogenous 
food  (Table  I,  A5-9,  13-17),  there  was  always,  within  a  day 
or  two,  a  fall  to  a  mere  trace  of  indican  in  the  urine.  This  reap- 
peared as  soon  as  the  gelatin  was  replaced  by  casein.  The  disap- 
pearance in  this  case  is  not  associated  with  any  marked  change  in 
the  phenol  output.  The  swiftness  of  the  disappearance  and 
reappearance  gives  an  idea  of  the  time  necessary  for  our  experi- 
mental nitrogenous  food-stuffs  to  exert  their  effect  in  predom- 
inating the  metabolism  of  the  intestinal  flora.     In  studying  the 
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effect  of  casein,  meat,  and  the  meat-lactose  combinations,  it  will 
be  seen  that  phenol  and  indican  excretion  always  showed  a 
tendency  to  vary  in  the  same  direction  in  this  individual.  That 
they  do  not  do  so  in  this  instance  is  merely  an  expression  of 
the  fact  that  gelatin  is  lacking  in  the  building-stone  which  gives 
rise  to  the  indican.  Thus  our  results  confirm  those  of  Underhill, 
who  determined  the  indican  excretion  of  dogs  when  gelatin  was 
fed  as  the  predominating  source  of  nitrogen.  It  was  found  that 
there  was  an  invariable  decrease  on  this  diet,  as  compared  with 
meat  as  the  nitrogenous  food. 

Casein. — When  casein  was  the  chief  source  of  nitrogen,  phenol 
excretion  was  at  the  same  level  as  with  gelatin,  while  the  indican 
excretion  increased  and  attained  a  level  usually  somewhat  under 
10  mg.  of  indigo  in  24  hours  (Table  I,  AlO-12,  18-21,  32-35). 
In  the  second  period  of  casein  feeding  the  casein  influence  was 
established  immediately  and  1.6  mg.  of  indigo  were  found  in  the 
urine  collected  24  hours  after  its  feeding  had  begun.  This  quick 
establishment  was  due  to  the  fact  that  the  debris  from  the 
preceding  gelatin  period  had  been  removed  from  the  sphere  of 
action  of  the  bacteria  as  the  result  of  the  increased  frequency  of 
defecation.  The  slight  diarrhea  was  probably  due  to  mechanical 
irritation  of  the  walls  of  the  intestine  by  particles  of  casein. 
These  were  sharp  cornered  because  the  casein  had,  not  been 
sufficiently  softened  by  boiling  before  it  was  eaten. 

Meat. — When  a  diet  containing  large  quantities  of  meat  fol- 
lowed a  diet  of  casein  there  was  always  a  sharp  increase  in  the 
amount  of  indican  in  the  urine  (Table  I,  A22-28,  36-43).  This 
increase  appeared  the  1st  day  the  meat  was  fed  and  soon  resulted 
in  the  excretion  of  about  20  mg.  of  indigo  a  day.  During  the  meat 
period  the  phenol  values,  as  well,  tended  to  become  higher  than 
in  the  preceding  casein  regime.  While  this  effect  is  not  seen  so 
clearly  in  the  second  series  of  meat  experiments,  it  is  invariably 
seen  in  the  experiments  we  have  carried  out  on  the  dog.  During 
the  period  of  meat  feeding  the  indican  values  were  quite  variable 
— ^much  more  variable  than  on  the  casein  diet.  This  diet  in 
both  cases  gave  rise  to  increased  frequency  of  defecation.  This 
resulted  in  sharp  decreases  in  the  excretion  of  both  phenols 
and  indican. 
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In  both  instances  the  meat  diet  gave  rise  to  very  disagreeable 
subjective  s^-mptoms.  It  caused  epistaxis,  as  well  as  decreased 
mental  and  physical  efficiency.  During  the  first  series  of  experi- 
ments on  this  diet,  a  midsummer  cold  developed.  During  the 
second  series,  s^-mptoms  of  a  cold  were  appearing,  as  well  as  the 
epistaxis,  so  that  the  experiment  was  discontinued.  In  view  of 
these  results  the  diarrhea  produced  on  these  meat  diets  seems  to 
the  writer  to  be  a  protective  mechanism  to  aid  in  getting  rid  of 
harmful  and  poisonous  materials. 

Why  should  meat  differ  from  gelatin  and  casein  in  causing  the 
relatively  high  excretion  of  phenol  and  indican?  There  are  two 
differences  between  meat  and  the  other  nitrogenous  substances 
which  may  have  contributed  to  this  effect.  The  meat  was  always 
mixed  with  a  certain  amount  of  fat,  which  may  have  caused 
more  of  the  protein  material  to  pass  to  the  lower  gut  undigested. 
The  larger  part,  of  the  fat  was  always  drained  off,  however,  and, 
as  no  butter  was  eaten  during  this  period,  the  total  amount  of 
fat  eaten  was  not  greater  than  on  the  other  diets.  In  the  second 
place  meat  is  unique  among  our  experimental  foods  in  having  a 
certain  mixture  of  indigestible  protein,  the  connective  tissue 
protein.  Therefore,  a  greater  amount  of  material  containing 
tryptophane  and  tyrosine  buildingnstones  would  reach  the  field 
of  bacterial  activity  and  enter  into  bacterial  metabolism. 

Liver. — The  ingestion  of  1  pound  of  liver  a  day  (Table  I,  A46- 
48)  brought  about  an  inmiediate  increase  in  the  phenol  and 
indican  excretion.  Although  the  clearness  of  the  result  was 
partly  obscured  by  the  verj*^  complete  evacuation  of  the  bowel  on 
the  2nd  day,  it  is  evident  that  Uver,  rich  in  nuclear  material, 
docs  not  differ  from  muscle  tissue  in  its  effect  on  intestinal 
putrefaction. 

Carbohydrate  Foods, — The  effect  of  the  addition  of  small 
amounts  of  lactose  to  a  diet  high  in  protein  was  studied  in  order 
to  determine  if  this  would  have  an  inhibitory  effect  on  bacterial 
metabolism.  The  object  of  these  experiments  was  to  have 
present  in  the  diet  an  amount  of  lactose  which  might  be  ingested 
in  the  form  of  milk.  No  change  was  seen  during  the  few  days  in 
which  this  diet  was  fed,  either  in  phenol  or  in  indican  excretion 
(Table  I,  A29-31,  3(5-39).  In  a  course  of  milk  feeding  which 
lasted  5  days,  4  quarts  of  milk  daily  being  ingested,  no  decrease 
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in  phenol  or  indican  excretion  was  seen.  The  value  for  both 
phenol  and  indican  was  intermediate  between  our  casein  and 
meat  values.  Ck)nstipation  was  an  interfering  factor  in  these 
experiments,  which  could  not  be  avoided.  Therefore,  these 
results  have  not  been  included  in  this  report. 

In  a  second  series  of  experiments  with  carbohydrates,  three 
subjects  were  kept  for  8  to  10  days  on  a  regime  in  which  carbo- 
hydrate was  suppUed  in  much  larger  quantities.  Rettger  has 
shown  that  lactose  changes  the  bacterial  flora  in  the  course  of  a 
few  days  from  predominantly  putrefactive  to  predominantly 
acidophilic.  Torrey  found  that  in  puppies  the  addition  of  bread 
to  a  milk  diet  caused  a  considerable  change  in  the  flora  of  the 
intestine.  He  attributed  the  consequent  replacement  of  BcunUus 
coll  by  BaciUua  acidophilus  to  the  dextrin  content  of  the  bread, 
in  part.  It  seemed  of  interest,  then,  to  perform  experiments 
which  should  be  comparative  and  thus  determine  the  eflfect  of 
these  carbohydrates  on  the  excretion  of  phenols  and  indican. 
Unfortunately,  our  results  are  not  comparable  inter  ae  on  this 
point  since  it  was  not  possible  to  carry  them  all  out  on  the  same 
individual,  and  our  original  question  has  not  been  answered. 

The  excretion  of  indican  and  phenol  by  Subjects  B  and  C  did 
not  dififer  materially  from  the  excretion  during  the  preliminary 
period.  The  results  lead  to  one  definite  conclusion  and  that  is 
that,  by  putting  a  subject  on  a  diet  of  high  carbohydrate  content 
— a  ''practical'*  diet — whether  the  carbohydrate  is  lactose,  or 
dextrin  from  toast,  or  starch,  it  cannot  from  that  alone  be  said 
that  the  excretion  of  the  products  of  intestinal  putrefaction  has 
ceased,  or  even  come  to  a  low  level.  In  order  to  know  what  has 
happened  as  the  result  of  such  treatment  it  is  indispensable  either 
that  studies  of  fecal  bacteria  be  carried  out,  or  that  the  excretion 
of  phenol  and  indican  be  followed  lq  a  quantitative  way.  Thus, 
Subject  C,  on  dextrin  diet,  on  only  one  occasion  excreted  indican 
in  the  urine;  Subject  A,  on  lactose,  excreted  a  small  amount  of 
indican;  while  Subject  B,  on  starch,  excreted  very  large  amoimts 
of  indican  compared  with  the  others.  The  phenol  excretion  of 
all  subjects  was  low  as  compared  with  the  values  obtained  on 
Subject  A  on  high  protein  diets.  The  high  phenol  values  found 
on  Subject  C  (C5-7)  are  a  result  of  the  diuresis  which  follow^ed 
days  of  small  urinary  output. 
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• 

In  respect  to  the  experiments  on  lactose,  these  may  be  com- 
pared with  the  other  experiments  on  Subject  A.  On  this  diet  the 
nitrogen  output  was  low.  The  phenol  excretion  was  much  lower 
than  on  the  high  nitrogen  diets.  The  indican  also  was  low. 
The  beginning  of  the  period  of  lactose  feeding  was  accompajiied 
by  the  development  of  large  amounts  of  gas  in  the  alimentary 
tract  with  very  marked  distention  of  the  abdominal  wall.  This 
lasted  until  the  7th  day,  when  the  distress  was  considerably 
diminished,  while  on  the  8th  and  succeeding  days  there  was  no 
notable  development  of  gas.  This  gas  production  we  have 
interpreted  as  due  to  the  predominance  of  the  putrefactive 
organisms  which  are  able  to  convert  lactose  into  carbon  dioxide, 
and  the  decrease  in  the  amount  of  gas  we  have  interpreted  as  due 
to  the  displacement  of  the  putrefactive  organisms  by  the  acido- 
philes.  It  would  have  been  of  great  interest  to  continue  these 
experiments  a  few  days  longer.  Unfortunately,  however,  it  was 
necessary  to  discontinue  them  so  that  it  remains  for  future 
experiments  to  show  whether  the  effect  which  Rettger  and  his 
coworkers  have  found  for  lactose  in  reducing  putrefactive  bacteria 
would  have  been  associated  with  a  further  decrease  in  the  excre- 
tion of  urinary  phenols  and  indican. 

Experiments  on  the  Dog, 

The  experiments  on  the  dog  may  be  divided  into  two  groups. 
In  the  first  (Table  III,  Dl-41),  the  nitrogen  intake  was  com- 
paratively low.  The  diet  was  regulated  to  give  about  0.9  gm.  of 
protein  per  kilo.  The  nitrogen  excretion  on  this  regime  was 
about  5  gm.  a  day,  except  on  the  bean  diet  where  absorption  was 
impaired.  In  the  second  group  of  experiments  the  amount  of 
carbohydrate  was  reduced  while  the  protein  intake  was  increased 
so  that  the  same  energy  value  was  provided.  The  cracker  meal 
allotment  was  reduced  by  half  and  the  protein  intake  increased 
approximately  threefold  to  make  up  this  difference.  The  nitro- 
gen excretion  was  twice,  and  sometimes  threefold  that  on  the 
low  nitrogen  diets. 

For  2  weeks  previous  to  the  experimental  periods,  the  animal 
had  been  kept  on  a  diet  of  meat  scraps  and  cracker  meal.  For 
some  time  after  the  experimental  period  there  was  a  tendency 
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for  the  phenol  and  indican  values  to  vary  considerably.  The 
general  trend  was  toward  smaller  values  irrespective  of  the 
diet.  Thus,  during  the  first  34  days  of  the  experiments  the 
phenol  excretion  decreased,  whether  the  nitrogenous  food  was 
meat  (Dl-8),  gelatin  (D9-18),  casein  (D19-26),  or  again  meat 
(D27-34).  This  decrease  is  undoubtedly  the  expression  of  the 
simplification  of  the  bacterial  flora  of  the  intestinal  tract,  noted 
by  Herter  and  Kendall  in  their  experiments  on  kittens  and 
monkeys. 

The  phenols  and  indican  in  thiese  first  experiments  do  not  seem 
to  be  affected  by  changes  in  the  type  of  protein  in  the  food,  except 
that  after  the  indican  had  disappeared  on  a  casein  diet,  traces 
again  appeared  in  the  urine  when  meat  replaced  the  casein. 
In  the  second  period  of  meat  feeding,  nitrogen  excretion  was  dis- 
tinctly smaller  than  in  the  first  meat  period,  while  the  phenol 
to  nitrogen  ratio  was  larger  than  at  any  other  time  on  this  type  of 
diet.  Unfortunately  it  was  not  noticed  whether  this  meat  was 
especially  tough  or  contained  an  unusual  amount  of  indigestible 
connective  tissue.  This  seems,  however,  the  plausible  explanation 
for  the  effect  noted. 

When  beans  were  fed  as  the  source  of  nitrogen,  the  indican 
again  disappeared.  The  phenols  underwent  a  small  but  clearly 
defined  increase.  This  increase  in  phenol  excretion  was  associ- 
ated with  a  decided  fall  in  the  excreted  nitrogen,  although  the 
amount  of  nitrogen  in  the  food  was  the  same  as  on  the  preceding 
meat  diet.  The  decrease  in  nitrogen  elimination  means  that  an 
appreciable  quantity  of  bean  nitrogen  was  not  being  absorbed 
from  the  alimentary  tract.  With  the  increase  in  phenols  and 
the  decrease  in  total  nitrogen  there  was  a  decided  increase  in  the 
ratio  of  phenol  to  total  nitrogen,  so  that  it  averaged  nearly  three 
instead  of  less  than  two,  as  on  all  other  low  nitrogen  diets. 

There  was  a  distinct  and  immediate  rise  in  phenol  excretion 
when  the  nitrogen  intake  was  increased  two  to  three  times. 
The  ratio  of  total  phenol  to  total  nitrogen,  howevef,  remained  at 
the  same  level  as  on  the  low  nitrogen  diets. 

Gelatin. — From  July  23  to  August  5  the  dog  was  kept  on  a 
diet  in  which  gelatin  was  the  source  of  nitrogen.  It  was  impos- 
sible to  induce  the  animal  to  take  this  diet  with  any  degree  of 
consistency  and  the  attempt  was  finally  abandoned.    The  daily 
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nitrogen  elimination  during  this  time  ranged  from  1.8  to  10.2 
gm.  The  animal  alternately  fasted,  or  ate  the  gelatin.  The  two 
effects  were  hopelessly  confused  and  these  expermicnts  are  not 
reported  in  the  tables. 

Casein  and  Meat. — The  experiments  on  meat  feeding  and  on 
casein  feeding  confirm  the  results  obtained  with  man. 

The  period  of  casein  feeding  was  of  longer  duration  than  in 
our  humab  experiments  so  that  its  effect  has  become  more  clearly 
established.  The  conclusion  was  the  same,  however.  Indican 
and  phenol  were  both  excreted  in  appreciable  amounts  on  this 
diet.  The  phenol  as  well  as  the  indican  output  per  day  was 
distinctly  higher  on  the  meat  diet.  The  effect  of  the  meat  diet 
on  the  physical  condition  of  the  animal  was  very  marked.  While 
on  all  other  diets  the  animal  was  very  lively  and  seemed  con- 
tented, during  the  periods  of  meat  feeding  she  became  morose, 
stupid,  and  slept  a  large  part  of  the  time.  When  awake  she  kept 
chewing  at  the  bars  of  the  cage.  After  a  few  days  the  feces 
became  black  in  color  and  tarry  in  consistency.  By  the  3rd  or 
4th  day  the  animal  either  refused  the  food  or,  after  eating, 
vomited.  The  diarrhea  was  undoubtedly  a  mechanism  adapted 
to  ridding  the  system  of  toxic  materials. 

Vegetable  Proteins. — When  glidine  was  fed  in  large  amounts 
(Table  IV,  D67-71),  the  phenol  and  indican  excretion  attained 
about  the  same  level  as  in  the  casein  experiments.  Indican 
experienced  a  sudden  drop  from  20  mg.,  on  the  last  day  of  the 
preceding  meat  diet,  to  5  mg.  on  the  first  glidine  day.  After  this 
the  amount  of  indican  slowly  fell  to  1  mg.  on  the  5th  and  last 
day  of  the  experiment.  Unfortunately  the  animal  refused  to 
eat  this  diet  any  longer  and  subsequent  attempts  to  carry^  out  an 
experiment  on  this  diet  were  not  successful.  We  cannot,  there- 
fore, be  certain  whether  indican  excretion  might  not  have  ceased 
entirely.  However,  on  all  other  diets,  the  level  of  indican  excre- 
tion established  on  the  4th  day  was  maintained  throughout  the 
period  and  there  is  no  reason  to  believe  the  wheat  proteins  would 
have  been  an  exception  to  this. 

In  contrast  to  the  other  vegetable  protein,  the  bean  protein 
which  had  been  fed  during  the  low  nitrogen  experiments,  the 
wheat  protein  was  fairly  well  absorbed  as  indicated  by  the  urinary 
nitrogen.     This  is  in  agreement  with  the  results  of  Mendel  and 
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Fine  (23).  The  ratio  of  total  phenol  to  total  nitrogen  was  at  the 
usual  level.  In  this  case,  then,  there  was  no  unusual  amount  of 
protein  reaching  the  lower  gut  and  causing  enhanced  acti\'ity  of 
the  putrefactive  organisms,  which  would  be  followed  by  increased 
phenol  excretion.  This  difference  in  the  two  vegetable  proteins 
was  merely  the  result  of  the  fact  that  the  bean  protein  was  to  a 
certain  extent  encased  in  an  envelope  of  difficultly  digestible 
material  which  prevented  complete  absorption.  The  wheat 
protein  had  been  freed  from  this  indigestible  carbohydrate. 

Carbohydrates, — Attempts  were  made  to  determine  the  effect 
of  the  addition  of  large  amounts  of  carbohydrate  to  the  high 
meat  diets.  In  one  experiment  cracker  meal  was  used,  in  the 
other,  lactose.  When  the  cracker  meal  and  meat  mixture  was 
fed  after  a  glidine  period^  there  was  a  definite  increase  in  phenol 
excretion  and  also  in  indican  excretion.  The  amount  of  these 
substances  in  the  urine  was  not  so  large  as  was  usually  found  in 
the  urine  on  a  meat  diet,  although  the  diet  was  fed  for  5  days. 

The  lactose  experiment  was  of  shorter  duration  than  would 
permit  the  drawing  of  clear-cut  conclusions.  As  the  result  of 
the  preceding  6  days  fasting,  phenol  and  indican  had  reached 
very  low  levels.  The  metabolism  of  the  putrefactive  organisms 
had  decreased  by  reason  of  the  small  amount  of  metabolite.  As 
soon  as  the  meat  and  lactose  diet  was  fed  (Table  IV,  D86-88), 
the  phenol  and  indican  in  the  urine  both  increased.  In  order 
for  the  effect  of  the  lactose  in  possible  transfonnation  of  the 
flora  to  become  evident  a  longer  period  of  lactose  feeding  would 
obviously  have  been  necessary. 

When  the  meat  and  lactose  diet  was  replaced  by  a  diet  con- 
taining meat  alone  (D89-91),  there  was  an  immediate  sharp 
increase  in  both  indican  and  phenol  excretion.  This  would 
indicate  that  there  may  have  been  an  inhibitory  action  from  the 
lactose,  due  to  the  favoring  of  acidophilic  organisms.  However, 
when  we  compare  the  excretion  of  phenol  and  indican  on  the 
lactose  period  with  the  excretion  of  these  substances  during  the 
preceding  meat  period  (Table  IV,  D80-82),  we  see  that  there  is 
really  no  distinct  difference.  Our  results  on  carbohydrate  feed- 
ing are  suggestive  rather  than  conclusive. 
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Fasting. — The  results  of  inanition  as  seen  in  our  experiments 
are  in  agreement  with  those  of  Dubin.  There  is  a  sharp  decrease 
in  the  excretion  of  phenol,  indican,  and  total  nitrogen.  The  ratio 
of  total  phenol  to  total  nitrogen  does  not  change. 

DISCUSSION. 

When  the  results  of  Herter  and  Wakeman,  of  Rettger  and  his 
pupils,  and  of  Torrey,  who  determined  the  effect  of  diet  on  the 
bacterial  flora  of  the  feces,  are  compared  with  our  results  on 
the  effect  of  diet  on  the  excretion  of  indican  and  the  phenols,  the 
relation  between  the  two  is  established.  Those  diets  which  gave 
rise  to  the  excretion  of  phenols  and  indican  in  large  amounts 
were  those  diets  which  promoted  the  growth  of  the  putrefactive 
microorganisms  in  the  intestine.  Thus  a  diet  containing  large 
amounts  of  meat  was  found,  by  Herter  and  Wakeman,  and  by 
Torrey,  to  promote  the  growth  of  the  putrefactive  bacteria. 
Such  a  diet  greatly  stimulates  the  excretion  of  indican.  The 
excretion  of  the  phenols  is  also  increased  on  this  diet.  The  effect 
is  not  seen  so  clearly  in  man  as  in  the  dog,  because  in  man  there 
are  wider  variations  in  urine  flow  and  the  completeness  of  the 
emptying  of  the  bowel. 

Rettger  and  Torrey  have  shown  that  lactose  is  very  efficacious 
m  bringing  about  a  predominance  of  the  acidophiles.  Torrey 
found  that  when  starchy  foods  were  fed  there  was  a  tendency 
tow^ard  elimination  of  the  putrefactive  types  of  bacteria.  White 
bread  and  potatoes  had  this  influence.  On  this  type  of  diet,  we 
have  found  that  the  excretion  of  phenols,  especially,  is  low  er  than 
on  any  other  type  of  diet. 

Casein  was  found  by  Torrey  to  show  a  much  smaller  tendency 
to  give  rise  to  intestinal  putrefaction  than  meat.  W^e  have 
found  that  this  protein  causes  far  less  phenol  and  indican  to 
appear  in  the  urine  than  the  meat  diet. 

Herter  and  Kendall  found  that,  in  the  earlier  stages  of  their 
experiments  on  kittens  and  monkeys,  sudden  shifts  of  diet  were 
not  accompanied  by  like  changes  in  the  character  of  the  fecal 
flora.  As  their  experiments  were  continued,  however,  sharper 
variations  began  to  appear.  They  attributed  this  effect  to  the 
simplification  of  the  flora  caused  by  the  elimination  of  all  but 


F.  P.  Underbill  and  G.  E.  Simpson  95 

the  predominant  putrefactive  or  acidophilic  strains.  Thus  we 
have  here,  in  the  parallelism  of  our  results  with  those  of  Herter 
and  Kendall,  another  indication  that  variation  in  urinary  indican 
and  the  phenols  is  associated  with  changes  in  the  character  of 
the  intestinal  flora. 

Torrey  found  that  the  '*  Vegetable  proteins  stand  in  strong 
contrast  to  animal  proteins,  especially  meat,  in  that  they  do 
not  offer  the  slightest  encouragement  to  the  growth  of  intestinal 
putrefactive  types  of  bacteria."  Hull  and  Rettger,  on  the  other 
hand,  found  that  a  ''Diet  of  bread  and  vegetables  does  not  en- 
courage this  flora  (the  acidophiles),  but  has  the  same  influence 
as  ordinary  protein  diet."  In  this  instance  our  results  follow 
those  of  Hull  and  Rettger  rather  than  those  of  Torrey.  For  we 
have  found  that  a  mixture  of  wheat  proteins  was  on  the  same 
level  as  the  animal  protein,  casein,  as  far  as  the  excretion  of 
indican  and  phenol  was  concerned,  and  that  the  elimination  of 
these  substances  was  much  higher  on  such  a  diet  than  when  a 
diet  containing  a  large  amount  of  carbohydrate  was  fed. 

It  is  very  evident  from  our  results  that  the  determination  of 
both  indican  and  the  phenols  in  the  urine  gives  a  much  better 
indication  of  the  extent  of  intestinal  putrefaction  than  the  deter- 
mination of  either  of  these  substances  alone.  The  extreme  differ- 
ences in  different  individuals  in  their  tendency  to  excrete  indican, 
especially,  makes  comparisons  between  individuals,  in  this 
respect,  hazardous. 

SUMBiAHY. 

In  a  study  of  the  urinary  excretion  of  indican  and  the  phenols, 
carried  out  on  three  normal  individuals  and  on  a  dog,  the  follow- 
ing results  were  obtained : 

1.  The  excretion  of  both  indican  and  the  phenols  varies  directly 
with  the  protein  intake.  In  their  smaller  fluctuations,  the 
excretion  of  phenol  and  indican  does  not  necessarily  vary  in  the 
same  direction.  In  most  cases,  a  large  variation  in  indican  excre- 
tion is  accompanied  by  a  variation  in  phenol  excretion  in  the 
same  direction. 

2.  In  different  individuals  the  phenol  and  indican  excretion 
may  bear  quite  a  different  relation  to  one  another.  A  high 
indican  excretion  by  an  individual,  as  compared  to  other  indi- 
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vidualSy  does  not  necessarily  mean  a  correspondingly  high  excre- 
tion of  phenols  by  that  individual. 

3.  The  effect  of  even  mild  constipation  overshadows  the  effect 
of  diet  on  the  excretion  of  these  substances.  Constipation 
causes  a  large  increase  in  the  excretion  of  indican  and  the  phe- 
nols. Diuresis,  also,  is  shown  to  promote  the  excretion  of  these 
substances. 

4.  With  increased  phenol  excretion  there  is  stimulation  of  con- 
jugation to  the  extent  that  in  most  cases  the  same  percentage  of 
the  total  phenol  is  excreted  in  conjugation. 

5.  Comparison  of  our  results  with  those  of  Herter  and  Kendall, 
of  Rettger  and  his  pupils,  and  of  Torrey  indicates  that  those 
diets  which  promote  the  growth  of  the  putrefactive  bacteria  also 
promote  indican  and  phenol  excretion. 

(a)  Meat  ingested  in  large  quantities  causes  a  marked  increase 
in  the  excretion  of  the  phenols  and  indican. 

(6)  Casein  causes  a  moderate  excretion  of  indican  and  the 
phenols. 

(c)  Gelatin,  containing  no  tryptophane  building-stone,  causes 
cessation  of  indican  excretion  with  no  change  in  the  excretion  of 
the  phenols. 

(d)  Glidine,  a  mixture  of  wheat  proteins,  did  not  differ  from 
casein  in  its  effect. 

(e)  Kidney  bean  protein,  fed  with  the  usual  admixture  of 
indigestible  carbohydrate  substances,  was  less  completely  ab- 
sorbed than  the  other  proteins.  Phenol  excretion  was  increased 
by  a  small,  but  definite,  amount. 

(/)  On  a  diet  containing  large  amoimts  of  lactose  the  excretion 
of  indican  and  the  phenols  was  lower  than  when  the  diet  con- 
tained a  large  amoimt  of  protein. 

6.  In  intelligent  dieting  with  the  regulation  of  intestinal  putre- 
faction as  the  aim,  it  is  necessary  to  study  either  the  fecal  flora 
or  the  excretion  of  phenols  and  indican. 
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BIOCHEMICAL  STUDIES  ON  MARINE  ORGANISMS. 

I.  THE  OCCURRENCE  OF  COPPER. 
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{From  the  Laboratory  of  Biological  Chemistry  of  the  School  of  Medicine, 

University  of  Texas,  Galveston), 

(Received  for  publication,  August  2,  1920.) 
INTRODUCTION. 

The  occurrence  of  copper  in  tissues  of  certain  marine  aniin^als 
has  been  known  for  a  long  time.  More  than  70  years  ago  Harless 
(1847)  detected  copper  in  the  blood  of  Eledone  and  Helix  pomatia, 
and  showed  that  it  exists  not  as  a  free  salt,  but  in  combination 
with  protein.  This  peculiar  copper-containing  protein,  which 
was  subquently  named  hemocyanin  by  Fr6d6ricq  (1878),  is 
apparently  an  oxygen  carrier  analogous  to  the  hemoglobin  of 
higher  animals.  It  differs  in  locality  from  the  latter  in  occurring 
in  the  plasma  rather  than  in  the  form  elements  of  the  blood. 
Unlike  hemoglobin  it  cannot  be  disintegrated  into  a  protein  and  a 
protein-free  component.  When  shaken  wdth  air,  hemocyanin 
combines  loosely  with  oxygen,  and  is  converted  into  blue  oxyhe- 
mocyanin,  and  by  the  escape  of  the  oxygen  becomes  colorless 
again.  According  to  Henze  (1901),  hemocyanin  of  the  Octopus 
may  be  crystallized,  and  the  crystalline  preparation  has  the 
following  composition:  C  =  53.66;  H=  7.33;  N  «=  16.09;  S  = 
0.86;  O  =  21.67;  and  Cu  =  0.38  per  cent. 

Abundant  evidence  has  been  adduced  to  prove  that  hemo- 
cyanins  of  different  sources  are  not  identical  in  composition  or 
physical  properties.  In  a  series  of  investigations  Dh6r6  (1900, 
1903,  1913,  1914,  1919)  examined  the  blood  of  various  mollusks 
and  arthropods,  and  noted  pecuUarities  in  crystallization,  per- 
centage of  copper,  and  color  reactions  of  the  respective  hemo- 
cyanins.  He  states  that  the  efficiency  of  a  hemocyanin  as  an 
oxj'gen  carrier  is  directly  proportional  to  its  copper  content. 
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This  latter  observation  is  of  considerable  physiological  interest. 
In  many  cases  at  least,  the  more  active  species  requiring  a  rapid 
respiratory  exchange  are  provided  with  blood  containing  larger 
percentages  of  copper  than  other  species  of  a  low  metabolic  type. 
This  fact  was  emphasized  by  Mendel  and  Bradley  (1906-07). 
Thus  the  blood  of  the  highly  active  Octopus  contains  18  to  23.5 
mg.  of  copper  per  100  cc,  while  the  very  inactive  Helix  pomatia 
is  provided  with  only  6.5  to  12.5  mg.  per  100  cc.  More  recently 
Alsberg  and  Clark  (1910-11)  have  made  a  careful  investigation 
of  the  hemocyanin  of  Ldmulus  polyphemibs,  and  find  that  it  differs 
materially  from  the  preparation  studied  by  Henze.  LimuLus 
hemocyanin  contains  0.28  per  cent  of  copper,  is  much  richer  in 
sulfur  and  oxygen,  and  contans  less  carbon  than  the  respiratory 
protein  of  Octopus.  The  copper  in  Alsberg  and  Clark's  prepara- 
tion was  in  an  exceedingly  loose  combination,  which  could  be 
completely  removed  by  dialysis  if  the  water  used  were  kept 
very  faintly  acid. 

One  of  the  most  interesting  differences  in  hemocyanins  is  that 
noted  by  Mendel  and  Bradley  (1905,  1906-07)  in  the  case  of  the 
marine  gastropod,  Sycotypus  canaliculatus.  The  respiratory 
protein  of  this  mollusk  was  found  to  contain  zinc  in  addition  to 
copper.  The  name  "hemosycotypin"  was  suggested  for  this 
peculiar  oxygen  carrier.  Numerous  other  investigators,  notably 
Lankester  (1872-73),  Krukenberg  (1880),  Halliburton  (1885), 
Griffiths  (1890-91,  1892),  and  PhiUppi  (1919),  have  studied 
hemocyanins  of  various  sources.  The  earlier  investigations  are 
discussed  in  detail  in  the  excellent  review  of  von  Furth  (1903). 
The  fact  which  we  wish  to  emphasize  here  is  the  wide  occurrence 
of  copper  as  a  constituent  of  invertebrate  blood.  Nor  is  this 
metal  confined  to  the  circulating  fluid,  but  may  occur  in  other 
portions  of  the  body  as  well.  Through  the  investigations  of 
Herdman  and  Boyce  (1898-99),  Nelson  (1915),  and  others,  copper  is 
known  to  occur  in  relatively  large  and  variable  amounts  in 
oysters.  According  to  Willard  (1908),  and  Hiltner  and  Wich- 
mann  (1919),  this  metal  may  be  present  in  sufficient  amount  to 
impart  a  greenish  tint  to  the  oysters,  or  even  to  produce  toxic 
symptoms  when  they  are  ingested  by  man. 

In  Table  I  are  listed  the  animals  in  which  copper  is  known  to 
occur,  either  as  hemocyanins  in  the  blood,  or  stored  in  unknown 
combinations  elsewhere  in  the  organism. 
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TABLE  I. 

Animala  in  Which  Copper  is  Known  to  Occur. 
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Animal. 


Echinodermata. 

Asterias 

Echinus 

Stichopus 

Holothuria 

Annulata. 

Hirudo 

Crustacea. 

Palaemon 

Clibanariua  . . . 

Astacus 

Squilla 

Palinurus 


Nephrops. 
Homarus, 


Carcinus, 

Maja 

Eriphia, . 
Cancer. . . 


Arachnida. 
Scorpio,. 
Limulus. 


It 


Pelec3rpoda. 


Osirea. 


Anodonta. 
Mytilus. . . 

Pinna 

Mya 

Pecten 

Unio 

Gastropoda. 

Helix 

Murex 

Turbo 


Part  analyzed. 

Entire  animal. 

(( 

it 

« 

a 

« 

a 

« 

ti 

« 

a 

u 

tt 

Blood 

m 

«  . 

« 

and  liver. 

« 

« 

u 

it 

li 

tt 

and  liver. 

% 

« 
« 


Liver,  ovaries,  etc. 


Entire  animal. 


Blood. 
(( 

a 
a 

Entire  animal. 

a  a 


Blood. 

a 
it 


Reference. 


(( 


a 


Dubois  (1900). 

(1900). 

(1900). 
Phillips  (1917). 

Dubois  (1900). 

(1900). 
(1900). 
Griffiths  (1890-91). 
Krukenberg  (1880). 
Griffiths      (1890-91); 

(1917). 
Halliburton  (1885). 

(1885)  ; 
(1890-91). 
Griffiths  (1890-91). 
Robert  (1903). 
Krukenberg  (1880). 
Harless         (1847) ; 
(1890-91). 


PhiUips 


Griffiths 


Griffiths 


Lankester  (1872-73). 

(1872-73) ;       Alsberg 
and  Clark  (1910-11). 
Phillips  (1917). 

Herdman  and  Boyce  (1898-99). 
Willard  (1908). 

Hiltner  and  Wichmann  (1919). 
Griffiths  (1890-91). 

(1890-91). 

(1890-91). 
von  Furth  (1903). 
Dubois  (1900). 
(1900). 


a 


tt 


a 


Harless  (1847). 
Robert  (1903). 
(1903). 


li 
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TABLE  I— Concluded, 


Animal. 

Part  analyMd. 

Reference. 

Aplyaia 

Liver. 

Phillips  (1917). 

Fissurella 

Blood. 

Robert  (1903). 

Haliotia 

« 

(1903). 

Sycoiypus 

"       and  liver. 

Mendel  and  Bradley  (1905). 

Fulaur 

Liver. 

Bradley  (1904);  Phillips  (1917). 
Robert  (1903). 

Cassidaria 

Blood. 

Fasciolaria 

Liver. 

Phillips  (1917). 

Cassis 

11 

"         (1917). 

Sirombus 

Soft  parts. 

(1917). 

Triton 

Blood. 

von  Ftirth  (1903). 

Arion 

(( 

"       "       (1903). 

Cyclostoma 

« 

"       (1903). 

Scaphander 

« 

".      (1903). 

Paludina 

« 

"        "       (1903). 

Cephalopoda. 

LfOlioo 

« 

Robert  (1903). 

Sepia 

« 

GriflSths  (1890-91). 

Octopus 

u 

Fr€d6ricq  (1878);  Henze  (1901). 

Eledone 

"      and  liver. 

Harless  (1847);  Dh^r6  (1913). 

Tunicata. 

Ciona 

Phillips  (1917). 

Elasmobranchii. 

Acanthia^ 

Liver. 

Harless  (1847). 

Teleostomi. 

• 

Zeus 

« 

"         (1847). 

Conoer 

« 

"         (1847). 

As  will  be  observed,  the  data  thus  far  accumulated  are  chiefly 
confined  to  arthropods  and  mollusks,  in  which  copper  is  invari- 
ably present.  As  discovered  by  Mendel  and  Bradley  (1905), 
zinc  is  likewise  present  in  relatively  large  amounts  in  at  least  one 
form  of  moUusks  (Sycoiypus),  though  the  examination  of  various 
other  marine  animals — Mytilus  edulis,  Modiola  plicatula,  Argina 
pexata,  Eupagurus  pollicaris,  Ostrea  virginiana,  and  Cancer 
irroratus — failed  to  reveal  appreciable  amounts  of  this  metal. 
According  to  these  investigators,  traces  of  zinc  seemed  to  be 
present  usually  in  Urosalpinx  cinerea.  In  the  liver  of  Sycoiypus 
copper  comprises  about  8  per  cent  of  the  total  ash,  or  L2  per  cent 
of  the  dry  tissue;  while  zinc  comprises  about  15  per  cent  of  the 
ash,  or  1.7  per  cent  of  the  dry  tissue. 
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Because  of  the  incompleteness  of  the  data  on  the  occurrence  of 
copper  and  zinc  in  many  forms  of  marine  life,  and  the  ease  with 
which  these  animals  may  be  procured  in  this  locality,  we  have 
undertaken  a  quantitative  study  of  their  copper  and  zinc  content. 
We  have  confined  our  work  chiefly  to  fishes,  with  a  few  compara- 
tive data  upon  ccelenterates,  mollusks,  and  arthropods.  In  the 
present  paper  we  present  the  copper  findings  only,  and  will 
report  the  data  upon  zinc  in  a  subsequent  communication. 

Methods. 

In  the  present  work  copper  was  estimated  in  specimens  pre- 
pared by  thoroughly  grinding  the  entire  animals  soon  after  they 
were  renioved  from  the  water.  The  fishes  were  hashed  without 
preliminary  evisceration  or  scaling,  and  the  crabs  and  shrimps 
without  removal  of  the  protective  coverings.  The  oysters  and 
clams  were  shucked.  We  expect  to  attempt  detailed  examina- 
tions of  the  tissues  and  organs  in  certain  species  later,  but  pre- 
liminary to  subsequent  investigations  we  desired  comparative 
information  concerning  the  copper  content  of  the  entire  individuals. 

In  the  estimation  of  copper  we  have  tried  several  procedures, 
and  finally  adopted  a  colorimetric  method  based  upon  the  familiar 
"blue  test"  with  an  excess  of  ammonia.  A  similar  procedure 
was  recommended  by  Heath  (1897)  in  the  analysis  of  tailings 
and  lean  blast  furnace  slags,  but  we  have  found  it  necessary 
to  modify  the  conditions  suggested  by  him  to  meet  our  special 
needs.  Despite  the  fact  that  the  method  is  an  exceedingly 
long  and  tedious  one,  we  have  used  it  in  preference  to  a 
shorter  gravimetric  or  electrolytic  process  because  of  the  diffi- 
culty of  accurately  weighing  such  small  quantities  of  copper  as 
those  with  which  we  have  had  to  deal.  It  has  been  our  experi- 
ence that  great  care  must  be  taken  in  following  every  detail  of 
the  procedure  as  adopted  by  us,  in  order  to  avoid  the  introduc- 
tion of  errors.  We  therefore  describe  the  method  in  full  without 
claiming  any  originality  for  it. 

Preparation  of  Standard  Copper  Solution, — About  2  gm.  of  electrolytic 
copper  are  washed  in  dilute  nitric  acid  to  remove  the  trace  of  oxide,  and 
then  successively  in  water,  alcohol,  and  ether.  The  dry  metal  is  accurately 
w^eighed,  and  dissolved  in  10  to  15  cc.  of  concentrated  nitric  acid.     5  cc.  of 
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concentrated  sulfuric  acid  are  added,  and  the  solution  is  heated  on  the 
water  bath  until  the  nitric  acid  is  entirely  removed.  The  solution  is  then 
diluted  with  about  200  cc.  of  distilled  water,  ammonia  cautiously  added 
until  the  reaction  is  just  faintly  acid,  and  the  clear  blue  preparation  diluted 
until  each  cubic  centimeter  contains  exactly  1  mg.  of  copper. 

Oxidation  of  the  Tissue. — The  weighed  material  (usually  100  gm.)  is 
introduced  into  a  porcelain  dish  or  casserole,  treated  with  20  cc.  of  con- 
centrated sulfuric  acid,  and  slowly  evaporated  on  a  sand  bath  to  a  crisp 
charred  mass,  care  being  taken  to  prevent  loss  through  spattering.  The 
dry  residue  is  allowed  to  cool,  and  treated  with  concentrated  nitric  acid, 
using  the  latter  to  wash  down  the  sides  of  the  vessel.  5  to  10  cc.  of  nitric 
acid  are  usually  sufficient  for  the  purpose.  The  vessel  is  again  subjected 
to  careful  heating  until  the  nitric  acid  is  driven  oflf.  If  necessary,  this 
process  is  repeated  two  or  three  times,  or  until  the  quantity  of  charred 
material  is  considerably  reduced,  and  may  be  transferred  to  a  large  (80  to 
90  cc.)  crucible. 

This  transfer  is  made  as  follows:  the  major  portion  of  the  material  is 
carefully  scraped  into  the  crucible  with  a  glass  rod,  the  dish  washed  with 
the  minimum  quantity  of  dilute  nitric  acid,  and  the  last  traces  of  charred 
residue  are  carefully  wiped  from  the  sides  of  the  dish  with  a  small  piece  of 
ash-free  filter  paper.  The  washings  and  paper  are  added  to  the  contents  of 
the  crucible,  and  the  whole  is  evaporated  to  dryness  on  a  water  bath.  The 
crucible  is  baked  for  a  few  minutes  on  a  sand  bath  to  remove  the  last 
traces  of  nitric  acid,  and  ignited  over  a  Bunsen  burner  at  a  dull  red  heat 
until  a  white  or  gray  ash  (blue  if  much  copper  is  present)  is  obtained.  If 
the  charred  material  is  large  in  amount,  it  is  convenient  to  ash  directly 
that  which  is  scraped  from  the  dish,  and  to  add  the  washings  and  filter 
paper  afterwards  with  subsequent  evaporation  and  ignition.  Occasionally, 
concentrated  nitric  acid  must  be  added  two  or  three  times  toward  the  last 
of  the  operation  in  order  to  secure  complete  oxidation  of  the  organic  mat- 
ter. In  this  manner  no  difficulty  has  been  experienced  in  obtaining  an 
ash  free  from  organic  material. 

Precipitation  and  Estimation  of  Copper. — The  ash  prepared  as  described 
above  is  extracted  repeatedly  with  small  quantities  of  hot  dilute  hydro- 
chloric acid,  the  extracts  are  poured  through  a  good  ashless  filter  paper, 
and  the  residue  and  paper  are  thoroughly  washed  with  boiling  water. 
If  the  combined  filtrate  and  washings  exceed  50  cc,  the  solution  is  evapor- 
ated to  approximately  this  volume.  Otherwise  it  is  neutralized  directly 
with  ammonium  hydroxide,  and  again  acidified  by  the  addition  of  1  or  2 
cc.  of  concentrated  hydrochloric  acid.^    A  strong  current  of  hydrogen 

^  In  the  analysis  of  certain  marine  animals,  notably  those  having  a 
chitinous  protective  covering,  the  ash  contains  a  large  quantity  of  cal- 
cium sulfate  which  is  partly  dissolved  by  the  repeated  acid  extractions. 
Under  these  conditions  a  precipitation  of  calcium  sulfate  not  infrequently 
occurs  when  the  solution  is  concentrated,  or  neutralized  and  reacidified 
with  hydrochloric  acid.  This  necessitates  an  additional  filtration  before 
the  sulfide  precipitation. 
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sulfide  is  passed  into  the  hot  solution  for  10  to  15  minutes,  and  the  flask 
heated  on  the  water  bath  until  the  sulfide  precipitate  settles.  The  latter 
is  rapidly  filtered  oflf  and  washed  with  dilute  hydrochloric  acid  (approxi- 
mately 0.2  N  in  strength)  which  has  previously  been  saturated  with 
hydrogen  sulfide. 

The  filter  paper  containing  the  sulfide  precipitate  is  returned  to  the 
original  flask  in  which  the  precipitation  occurred,  and  repeatedly  boiled 
with  small  portions  of  2  n  nitric  acid  to  dissolve  the  copper.  Each  extract 
18  decanted  through  a  filter  paper,  the  residue  finally  transferred  to  the 
paper,  and  washed  with  boiling  water  until  the  washings  are  neutral  in 
reaction.  The  combined  filtrate  and  washings  are  evaporated  to  dryness 
in  a  small  casserole,  and  the  residue  is  baked  for  a  few  minutes  at  a  dull 
red  heat  to  oxidize  the  trace  of  organic  matter  (or  sulfur)  which  at  this 
point  is  almost  invariably  present.  The  casserole  is  allowed  to  cool,  and 
the  cupric  oxide  dissolved  in  a  few  drops  of  concentrated  nitric  acid.  A 
perfectly  clear  blue  solution  should  result.  If  unoxidized  matter  is  still 
present,  as  indicated  by  a  slight  yellow  or  brown  color  in  the  solution,  the 
evaporation  and  baking  must  be  repeated.  Occasionally  this  process  must 
be  repeated  three  times. 

When  the  copper  nitrate  is  free  from  interfering  matter,  it  is  treated  with 
1  to  2  cc.  of  concentrated  sulfuric  acid,  and  carefully  heated  until  white 
fumes  are  given  off.  The  copper  sulfate  so  obtained  lends  itself  readily 
to  the  colorimetric  estimation.  For  this  purpose  the  contents  of  the 
casserole  are  diluted  with  a  few  cubic  centimeters  of  distilled  water,  and 
washed  into  a  50  cc.  Nessler  jar.  20  cc.  of  strong  ammonium  hydroxide 
are  cautiously  added, ^  the  solution  is  diluted  to  the  50  cc.  mark,  and  mixed. 
The  copper  content  is  determined  by  running  the  standard  copper  sulfate 
solution  into  another  Nessler  jar  containing  2  cc.  of  concentrated  sulfuric 
acid,  20  cc.  of  distilled  water,  and  20  cc.  of  strong  ammonium  hydroxide, 
until  the  two  solutions  manifest  exactly  the  same  depth  of  color  when 
examined  longitudinally  against  a  white  background.  The  burette  reading 
indicates  the  milligrams  of  copper  in  the  sample  taken  for  analysis. 

If  the  copper  content  of  the  sample  is  greater  than  8  mg.,  it  is  advisable 
to  dilute  the  contents  of  the  Nessler  jar  to  a  suitable  volume  with  ammonia 
(1  volume  of  strong  ammonium  hydroxide  to  3  volumes  of  distilled  water), 
and  use  an  aliquot  part  for  the  titration.  Two  closely  agreeing  titrations 
should  be  made  against  each  unknown. 

Analyses  of  aqueous  copper  solutions  carried  through  the 
entire  process,  and  of  ground  meat  to  which  known  amounts  of 
copper  were  added,  indicate  that  the  maximum  error  in  the  use 
of  the  method  is  approximately  5  per  cent,  as  indicated  in  Table 

*  The  large  excess  of  ammonium  hydroxide  is  necessary  to  produce  a 
clear  permanent  blue  color,  rather  than  the  purple  or  purplisll  blue  which 
results  with  smaller  amounts  of  the  base. 
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II.  This  is  about  as  small  an  error  as  could  be  expected  in  the 
estimation  of  such  traces  of  copper,  especially  in  view  of  the 
fact  that  the  destruction  of  the  tissue,  which  is  necessary  in  any 
procedure,  is  the  most  probable  source  of  loss, 

TABLE  U. 
Recovery  of  Copper  from  Known  Mixturee. 


Experi- 
ment No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Material. 


100  cc.  of  distilled  water. 
100  "     "        "  " 

50  gm.  of  meat.* 

50    "     "     " 


50 

50 

50 

100 

100 


« 


M 


« 


of  oysters. t 
it        «      * 


Cu 
present. 

Cu 
added. 

Total 
Cu. 

mo. 

mg. 

mg. 

0 

5.0 

5.0 

0 

10.0 

10.0 

0 

5.0 

5.0 

0 

10.0 

10.0 

0 

20.0 

20.0 

0 

2.0 

2.0 

0 

16.0 

16.0 

4.52 

3.0 

7.52 

6.00 

6.0 

11.0 

Cu 
found. 

mg, 

5.0 
10.0 

4.85 
10.2 
20.8 

l.d5 
15.6 

7.1 
10.7 


*  Preliminary  analysis  showed  that  50  gm.  of  the  meat  did  not  contain 
a  detectable  amount  of  copper, 
t  No.  2  of  Table  III. 
t  No.  4  of  Table  III.  a 

EXPERIMENTAL. 

Using  the  above  method,  we  have  determined  the  copper  in 
about  thirty-five  specimens  of  marine  animals,  the  results  of 
which  are  tabulated  in  Table  III.  The  figures  recorded  are  in 
most  cases  the  averages  of  closely  agreeing  duplicates.  With 
the  exception  of  two  analyses,  one  upon  a  large  variety  of  clam, 
and  the  other  upon  a  pigfish,  copper  has  been  found  present  in 
every  case.  Where  we  were  unable  to  detect  copper,  the  amoimt 
of  tissue  available  for  analysis  was  rather  small,  and  we  have 
been  unable  to  procure  other  specmens  of  these  species  for 
duplicate  determinations. 

Of  the  fishes,  the  common  sea-catfish  contained  the  least 
copper,  only  minute  traces  (less  than  1  mg.  per  kilo)  being  foimd 
in  any  of  the  three  specimens  analyzed.  One  sample  of  croaker 
(No.  14)  8^J0wed  less  than  1  mg.  of  copper  per  kilo  of  tissue, 
while  a  second  specimen  (Xo.  20)  showed  2.5  mg.  per  kilo.    In 
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TABLE  III. 
Quantity  of  Copper  in  Marine  Animals, 


Analy* 

Animal. 

Amount 
taken  for 
analysis. 

Cu 
found. 

Cu  per 
kilo. 

Remarks. 

gm. 

mg. 

mg. 

Ccelenterata. 

9 

JeUyfish 

200 

0.30 

1.5 

Entire  animal  ground. 

42 
44 

Portuguese 
man-of- 
war 

Pelecypoda. 

272 
81 

0.60 
0.30 

2.2 
3.7 

One  entire  animal. 
Two  small  individuals. 

2 

Oysters 

100 

4.52 

45.2 

4 

<i 

100 

6.00 

60.0 

31 
32 

u 
ti 

100 
100 

4.30 
2.40 

43.0 
24.0 

>Shucked. 

37 

fl 

100 

4.70 

47.0 

39 

Clams 

Crustacea. 

77 

0.0 

0.0 

1 

Shrimps 

100 

1.70 

17.0 

49 
3 
5 

Crabs 

100 
100 
100 

1.40 
0.80 
0.65 

14.0 
8.0 
6.5 

Includes  the  protective 
coverings. 

10 

Elasmo- 
branchii. 

100 

0.50 

5.0 

29 

Torpedo  ray. 

100 

0.35 

3.5 

Three  groimd  and 
sampled. 

16 

Sting  ray 

Telestomi. 

100 

0.52 

5.2 

Entire  animal  ground. 

6 

Mullet 

100 

0.28 

2.8 

15 

it 

100 

0.20 

2.0 

19 

Angelfish 

59 

0.25 

4.2 

11 

Sea-catfish... 

100 

Trace. 

Trace. 

^0 

it 

•  •  • 

100 

a 

a 

^4 

it 

•  •  • 

100 

a 

a 

14 

Croaker 

100 

a 

a 

^26 

a 

100 

0.25 

2.5 

One  or  more  individu- 

^3 

Pigfish 

43 

0.0 

0.0 

als     thoroughly 

^ 

Whiting 

100 

0.10 

1.0 

ground    and    mixed 

^28 

Yellow-tail... 

94 

0.25 

2.7 

before  sampling. 

12 

Flounder 

100 

0.22 

2.2 

Zi7 

a 

100 

0.25 

2.5 

■ 

:i8 

Spotted  trout. 

100 

0.18 

1.8 

17 

Redfish 

100 

0.20 

2.0 

:2i 

Drum 

86 

0.25 

2.9 

ZZ2 

a 

100 

0.25 

2.5 

ao 

Tarpon 

100 

0.24 

2.4 
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general  the  fishes  contain  a  low  but  rather  constant  amount  of 
copper,  averaging  about  2.5  mg.  per  kilo  of  tissue.  The  two 
species  of  coelenterates — ^the  common  jellyfish  and  the  Por- 
tuguese man-of-war — contain  about  the  same  proportion  of 
copper  in  the  fresh  tissue  as  do  the  fishes,  though  the  tissues  of 
the  former  have  a  much  higher  water  content.  On  a  dry  weight 
basis  the  coelenterates  would  manifest  a  much  higher  copper 
content  than  the  fishes. 

Oysters  were  by  far  the  richest  in  copper  of  the  animals  ex- 
amined, the  content  varying  from  24  to  60  mg.  per  kilo.  These 
figures  are,  however,  considerably  lower  than  those  obtained  by 
Nelson  (1915),  who  found  that  blue  oysters  contained  40  mg.  of 
copper  each,  and  that  uncolored  ones  contained  9  mg.  each.  In 
their  extended  study  of  the  copper  content  of  these  moUusks, 
Hiltner  and  Wichmann  (1919)  report  figures  ranging  from  6  to 
several  hundred  mg.  per  kilo,  and  state  that  oysters  grown  in 
water  highly  contaminated  with  metalUc  wastes  from  smelters 
and  other  factories  contain  the  larger  proportions  of  this  metal. 
These  authors  are  inclined  to  believe  that  the  copper  exists  in 
the  blood  of  the  oyster,  as  in  other  mollusks,  since  the  blood- 
containing  fluid  drained  from  shucked  oysters  invariably  shows 
the  presence  of  copper.  Herdman  and  Boyce  (1898-99)  have  dem- 
onstrated by  microchemical  tests  that  in  certain  oysters  copper 
may  occur  in  the  leucocjrtes. 

We  have  made  one  quantitative  determination  of  the  distri- 
bution of  copper  in  fresh  oysters.  For  this  purpose  300  gm. 
were  separated  by  careful  dissection  into  four  fractions  composed 
of  (a)  mantles,  (6)  digestive  glands  or  hepatopancreases,  (c) 
adductor  muscles,  and  (d)  the  other  parts  including  the  gills, 
which  we  have  called  the  "residue."  These  fractions  were 
weighed  and  analyzed  separately,  the  results  of  which  are  shown 
in  Table  IV.  The  data  indicate  that  the  copper  is  rather  uni- 
formly distributed.  No  marked  differences  in  the  four  fractions 
were  found  except  in  the  muscle,  which  contained  only  about  half 
as  much  copper  as  the  other  tissues.  The  residue  was  somewhat 
higher  than  the  fractions  composed  of  digestive  organs  and 
secreting  mantles,  possibly  due  to  the  vascularity  of  the  gills 
which  were  contained  in  this  fraction. 
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To  determine  whether  copper  exists  in  oysters  in  a  diffusible 
form,  the  following  experiment  was  made.  A  sample  (87.5  gm.) 
of  oysters,  No.  37,  containing  4.1  mg.  of  copper,  was  thoroughly 
ground,  preserved  with  toluene,  and  dialyzed  against  distilled 
water.  After  26  hours  the  dialysate  was  removed,  and  the  exper- 
iment continued  with  fresh  distilled  water  for  70  hours.  Approx- 
imately 3  liters  of  water  were  used  in  all.  Analysis  of  the  com- 
bined dial3^8ates  showed  that  0.5  mg.,  or  12.2  per  cent  of  the  total 
copper,  had  diffused.  Hiltner  and  Wichmann  (1919)  believe  that 
oysters  store  copper  in  excess  of  their  physiological  needs.    A 

TABLE  IV. 

Distribution  of  Copper  in  Oysters. 

Tissue. 


Mantles 

Digestive  glands. . 
Adductor  muscles. 

Residue 

Total 


Amount  taken 
for  analysis. 

Cu  found. 

Cu  per  kilo. 

gm. 

mg. 

mg. 

84.0 

3.00 

35.7 

56.7 

1.95 

34.4 

38.5 

0.70 

18.2 

102.0 

4.10 

40.2 

281.2* 

9.75 

34.7 

*  300  gm.  of  fresh  oysters  were  used  for  this  experiment,  but  small  frag- 
ments of  tissue  were  unavoidably  lost  during  the  dissections,  and  consid- 
erable evaporation  of  water  occurred.  These  factors  account  for  the 
decrease  of  18.8  gm.  in  weight. 


sunilar  opinion  is  held  by  several  investigators  concerning  the 
storage  of  copper  in  the  livers  of  gastropods.  Perhaps  the 
diffusible  metal  in  our  specimen  represented  the  stored  surplus; 
or  it  may  be  that  the  copper  exists  ordinarily  in  a  very  loose 
combination  with  protein,  such  as  was  found  to  be  the  case  in 
the  hemocyanin  of  Limulics  by  Alsberg  and  Clark  (1910-11). 

As  shown  in  Table  III,  the  shrimps  and  crabs  had  copper  con- 
tents intermediate  between  oysters  and  fishes,  the  shrimps  aver- 
aging about  twice  as  much  copper  as  the  crabs,  though  differing 
considerably  in  the  three  samples  examined.  In  a  distributional 
"test  upon  shrimps,  the  protective  coverings  were  removed  from 
200  gm.  and  the  hulls  (including  the  heads  and  tails),  and  the 
:xneats  were  analyzed  separately.  The  hulls  amoimted  to  89.0 
I.  and  the  meats  to  104.5  gm.,  6.5  gm.  of  water  having  been  lost 
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through  evaporation  during  the  hulling.  Contrary  to  our  expec- 
tation, the  hulls  showed  7.3  mg.  of  copper  per  kilo,  while  the 
meats  contained  only  2.4  mg.  per  kilo,  indicating  that  most  of  the 
copper  in  the  shrimp  is  located  in  the  protective  covering. 

DISCUSSION. 

We  believe  that  the  data  presented  above  clearly  indicate 
that  copper  is  a  normal — possibly  an  essential — constituent,  not 
only  of  mollusks  and  arthropods,  where  it  is  known  to  serve  as  an 
important  ingredient  of  the  respiratory  protein,  but  of  the  tissues 
of  fishes  as  well.  Whether  it  exists  in  the  latter  as  hemocyanins, 
or  as  other  compounds  of  physiological  importance,  cannot  at 
present  be  stated.  It  is  interesting  to  observe  that  in  the  organ- 
isms examined  by  us  the  amoimts  of  copper  progressively  diminish 
as  we  ascend  from  the  comparatively  simple  to  the  more  complex 
forms  of  Ufe,  and  that  when  we  come  to  the  fishes,  which  are 
provided  with  hemoglobin,  copper  persists  at  a  low  but  rather 
constant  level. 

In  view  of  the  almost  universal  occurrence  of  copper  in  marine 
animals  it  is  not  diflicult  to  understand  its  source  in  fishes.  Liv- 
ing largely  at  the  expense  of  crustaceans,  mollusks,  and  other 
low  forms,  fishes  have  an  abundant  supply  of  the  metal  in  their 
diets.  We  believe  that  the  universality  of  its  occurrence  and  the 
constancy  of  its  amount  speak  against  its  being  an  accidental 
constituent,  or  one  due  to  the  trace  of  copper  in  sea  water.  Hilt- 
ner  and  Wichmann  (1919)  report  two  analyses  of  sea  water  made 
by  the  Bureau  of  Chemistry  laboratory  at  New  York.  In  one, 
no  copper  could  be  detected  in  3,500  cc;  in  the  other,  a  trace 
was  detected  in  4,000  cc.  We  have  analyzed  a  specimen  of  water 
obtained  about  30  feet  from  shore  along  the  bathing  beach  of 
Galveston,  where  the  maximum  contamination  would  prevail, 
and  found  0.14  mg..  of  copper  per  kilo  of  water.  This  figure  is 
about  one-twentieth  of  the  average  copper  content  of  fishes. 
In  a  later  communication  we  hope  to  present  data  on  the  distri- 
bution of  this  metal  in  some  of  the  larger  species. 
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SUMMARY. 

1.  Copper  has  been  found  to  occur  in  two  forms  of  coelen- 
terates;  namely,  the  common  jellyfish  (Aurelia),  and  the  Por- 
tuguese man-of-war  {Physalia). 

2.  In  oyTsters  obtained  locally,  copper  is  rather  uniformly  dis- 
tributed throughout  the  tissues  as  indicated  by  separate  anal3rses 
of  the  mantle,  digestive  gland  (hepatopancreas),  large  adductor 
muscle,  and  the  remaining  parts  (residue)  including  the  gills. 
The  chief  diflFerence  in  the  proportion  of  copper  occurs  in  the 
muscle,  where  only  half  as  much  of  the  metal  is  found  as  else- 
where in  the  organism.  Part  of  the  copper  in  oysters  (12.2  per 
cent  in  our  experiment)  exists  in  a  diffusible  form. 

3.  Analyses  of  twenty  specimens  of  common  fishes  showed 
the  presence  of  copper  in  every  case  except  one,  and  the  failure 
to  detect  it  in  this  case  was  probably  due  to  the  small  amount  of 
material  available  for  analysis.  The  average  copper  content 
was  approximately  2.5  mg.  per  kilo. 

4.  It  is  beUeved  that  copper  is  a  normal — possibly  an  essential 
— constituent  of  marine  animals,  and  not  an  accidental  one  due 
to  the  trace  of  this  metal  in  sea  water. 

BIBLIOGRAPHY. 

Alsberg,  C.  L.,  and  Clark,  E.  D.,  J.  Biol.  Chem.f  1910-11,  viii,  1. 

Bradley,  H.  C,  Sciencey  1904,  xix,  196. 

Dh6r6,  C,  Compt.  rend,  Soc.  hioL,  1900,  Hi,  458;  1903,  Iv,  1161. 

Dh6r4,  C,  CompU  rend,  Acad,,  1913,  clvii,  309. 

Dh6r6,  C,  J,  physiol,  path,  gh^.y  1914,  xvi,  985. 

Dh6r6,  C,  J,  physiol,  path,  g^,,  1919,  xviii,  222. 

Dubois,  R.,  Compt,  rend,  Soc,  bioL,  1900,  Hi,  392. 

FrM^ricq,  L.,  Bull,  Acad.  roy.  Belg.,  1878,  xlvi.  Series  2,  No.  11. 

von  FGrth,  O.,  Vergleichende  chemische  Physiologic  der  niederen  Tiere, 

Jena,  1903. 
Griffiths,  A.  B.,  Proc,  Roy.  Soc,  Edinburgh,  1890-91,  xvin,  288. 
Griffiths,  A.  B.,  Compt,  rend,  Acad.,  1892,  cxiv,  496. 
HalHburton,  W.  D.,  J,  Physiol,  1885,  vi,  300. 
Harless,  E.,  Arch.  Anat.,  Physiol,  u.  loissensch  Med.,  1847,  148. 
Heath,  G.  L.,  J,  Am,  Chem,  Soc,  1897,  xix,  24. 
Henze,  H.,  Z,  physiol,  Chem.,  1901,  xxxiii,  370. 
Herdman,  W.  A.,  and  Boyce,  R.,  Rep.  Thompson-Yates  Lab.,  1898-99,  ii, 

suppl.  1. 


112  Biochemical  Studies  on  Marine  Organisms.    I 

Hiltner,  R.  S.,  and  Wichmann,  H.  J.,  J,  Biol.  Chem.,  1919,  xxxviii,  205. 
Kobert,  R.,  Arch.  ges.  Physiol.,  1903,  xcviii,  411. 
Krukenberg,  C.  F.  W.,  Cenir.  med.  Wissensch.,  1880,  rviii,  417. 
Lankester,  E.  R.,  Proc.  Roy.  Soc.  London^  1872-73,  xxi,  71. 
Mendel,  L.  B.,  and  Bradley,  H.  C,  Am.  J.  Physiol.,  1905,  xiv,  313. 
Mendel,  L.  B.,  and  Bradley,  H.  C,  Am.  J.  Physiol.,  1906-07,  xvii,  167. 
Nelson,  J.,  New  Jersey  Agric.  Exp.  Station,  Anr^.  Rep.,  1915,  xxxvi,  246. 
Philippi,  E.,  Z.  physiol.  Chem.,  1919,  civ,  88. 

Phillips,  A.  H.,  Carnegie  Inst,  of  Washington,  Publ.  261,  1917,  xi,  91. 
Willard,  J.  T.,  J.  Am.  Chem.  Soc,  1908.  xxx,  902. 


A  STUDY  OF  THE  FACTORS  WHICH  INTERFERE  WITH 
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In  a  recent  paper  Williams*  described  a  method  of  testing  for 
the  presence  of  the  antineuritic  substance  which  in  this  laboratory 
has  been  generally  referred  to  as  water-soluble  B.     For  this  purpose 
yeast  was  employed,  and  the  basis  of  the  test  was  the  assumption, 
verified  by  experimental  trials  by  Williams,  that  the  yeast  cell  is 
capable  of  multiplication  only  w^hen  the  antineuritic  substance  is 
present  in  its  nutrient  medium.     By  means  of  a  series  of  dilutions 
of  solutions  which  he  used  for  the  cultivation  of  yeast  he  was  able 
to  obtain  results  which  gave  promise  of  his  method  being  useful 
in  a  quantitative  sense  as  well  as  qualitative.     Owing  to  the 
fact  that  the  test  as  described  by  Williams  could  bo  carried  out 
with  very  small  amounts  of  material,  and  in  a  period  of  time 
much  shorter  than  is  required  for  the  demonstration  of  the  pres- 
ence of  the  antineuritic  substance  in  a  nutrition  experiment  on  a 
mammal,  the  method  proposed  for  utihzing  yeast  as  an  experi- 
mental organism  seemed  to  ofifer  great  possibilities  of  usefulness 
^0  those  who  are  engaged  in  the  study  of  methods  for  the  isolation 
^^d  identification  of  this  most  interesting  dictar\'  factor. 

The  work  reported  in  this  paper  had  its  origin  in  an  offoit  to 
^•^Velop  proficiency  in  the  conduct  of  experiments  with  yeast  by 
^^e    WiUiams  method. 

CT'onsiderable  inconvenience  was  experienced  in  carrying  out 

J^G    test,  owing  to  the  number  of  small  particles  which  became 

^"^'^ched  from  the  pen,  and  which  interfered  with  the  counting 

"t-lie  number  of  cells.    A  modification  of  Williams'  method  was 

^'illiams,  R.  J.,  J.  Biol.  Chem.,  1919,  xxxviii,  4G5. 
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therefore  introduced,  in  which  a  platinum  syringe  needle,  having 
an  opening  at  right  angles  to  its  axis,  was  used  for  depositing  the 
droplets  on  the  cover-slip.  The  needle  was  attached  to  a  piece 
of  glass  tubing  by  means  of  a  short  piece  of  rubber  tubiag,  and 
it  was  found  that  with  this  instrument  the  suspension  of  yeast 
cells  could  be  easily  and  quickly  distributed,  without  leaving  any 
detritus  in  the  droplets.  It  was  found  that  a  fairly  imiform 
distribution  of  cells  could  be  obtained  by  this  method.  The 
sUdes  were  incubated  in  the  manner  described  by  Williams. 

Our  results  were  characterized  by  lack  of  uniformity  in  the 
development  of  the  yeast,  and  for  this  reason  an  attempt  was 
made  to  substitute  for  the  cover-slips  used  by  Williams  the  ordi- 
nary blood  counting  chamber  of  the  Levy  type.  In  order  to 
break  up  the  clumps  of  yeast  cells  without  injiuing  their  vitality 
air  was  blown  through  the  suspension  instead  of  shaking  the 
latter.  The  solution  was  then  distributed  in  test-tubes,  5  or  10 
cc.  in  each.  The  results  by  this  technique  were  much  more 
uniform.  Table  II  shows  on  one  hand  how  the  cells  frequently 
were  distributed  in  the  droplet  method,  and  on  the  other  how  the 
same  suspension  behaved  in  the  blood  counting  chamber  method. 

Williams  called  attention  in  his  paper  to  the  fact  that  many 
times  it  is  impossible  to  count  the  nimiber  of  cells  after  a  period 
of  growth  on  account  of  the  fact  that  the  cells  grow  in  three 
dimensions.  He  found  it  necessary  to  count  a  part  and  estimate 
the  probable  number.  By  the  counting  chamber  method  it  is 
not  necessary  to  guess  at  the  number  of  cells.  If  the  suspension 
is  too  rich  it  may  be  diluted  to  such  a  point  as  facilitates  the 
counting.  Lnmediately  before  counting,  a  little  formalin  was 
added  to  the  solution  in  order  to  kill  the  cells  and  avoid  further 
growth.  Using  this  technique  we  have  attempted  to  test  several 
substances  known  to  be  rich  or  poor  in  the  dietary  factor  water- 
soluble  B.  We  will  first  consider  the  results  obtained  by  the 
extraction  of  wheat  germ  with  hot  water. 

1  gm.  of  wheat  germ  was  boiled  with  50  cc.  of  water  for  10 
minutes  (Extract  1),  the  residue  was  boiled  again  with  60  cc.  of 
water  for  10  minutes  (Extract  2),  and  the  second  residue  was 
boiled  with  50  cc.  of  water  for  10  minutes  (Extract  3).  The 
separation  of  the  residue  from  the  soluble  part  offered  some 
difficulty  due  to  the  viscosity  of  the  solution.     In  some  cases  we 
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have  separated  the  solution  from  the  undissolved  part  by  means 
of  a  centrifuge  and  in  others  by  filtration  in  an  alundum  crucible. 
Only  by  passing  the  solution  through  a  Berkefeld  filter  could  an 
approximately  clear  solution  be  obtained.  Eight  successive 
extractions  were  made. 

These  extracts  were  evaporated  to  the  volume  of  25  cc.  so 
each  1  cc.  corresponded  to  0.04  gm.  of  wheat  germ.  5  cc.  of  the 
control  solution  were  put  into  test-tubes  previously  steriUzed,  and 
the  first  extract  was  added  as  shown  in  Table  I. 

TABLE  I. 


Tube  No. 

Control  solution. 

• 

First  extract. 

Control  solution. 

ec. 

ec. 

1 

5.0 

0 

Seeded          with 

2 

5.0 

0.1 

Fleischmann's 

3 

5.0 

0.2 

yeast. 

4 

5.0 

0.3 

5 

5.0 

1.0 

From  these  tubes  we  made  a  series  of  sUdes  by  the  droplet 
method  and  ran  a  comparative  series  by  the  counting  chamber 
method,  the  results  of  which  are  presented  in  Table  II. 

If  we  take  into  account  only  those  droplets  which  contain  one 
single  cell,  we  observe  that  they  give  rise  to  very  different  num- 
bers of  cells  by  the  end  of  an  18  horn*  incubation  period.  In  those 
squares  where  the  yeast  cell  was  dead,  or  had  reached  the  stage 
where  budding  had  ceased,  there  was,  of  course,  no  multipUcation. 


Seeding  1. 


cell  gave  rise  to   3  cells. 

u  u  a  a  1  i  « 

It  u  u  a  tyr  u 

u  a  u  it  OA  « 

«  «  ((  «  <>2  '< 


Seeding  i  (Control  Solution  Plus  0.1  cc.  of  Wheat  Germ  Extract). 

1  cell  gave  rise  to  3  cells. 

In  the  rest  the  single  cells  were  dead  or  incapable  of  budding. 


Ml 


=i.j! 


=  ig§ 


n^3 


■=1 


i  I  • 
'I? 

-    M     * 

S-io 
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Seeding  S. 

1  cell  gave  rise  to  101  to  301  cells. 

2  cells    "      "     "  252  "  2,000  " 

Seeding  4- 
1  cell  gave  rise  to  130  to  1,000  cells. 

Seeding  5. 
1  cell  gave  rise  to  75  to  1,000  cells. 

On  the  other  hand,  when  using  the  test-tubes  which  contain 
5  to  10  cc.  of  control  solution,  to  which  different  amounts  of 
wheat  germ  extract  were  added  as  stated  above,  by  using  the 


TABLE  III. 

Tube  No. 

First  count. 

Second  count 
(after  18  hrs.). 

Average. 

celU 

cells 

celU 

1 

21 

23 

22 

2 

132 

92 

112 

3 

214 

198 

206 

'          4 

342 

308 

325 

5 

602 

684 

.      643 

counting  chamber  we  have  a  greater  chance  of  securing  the  same 
number  of  cells  distributed  evenly,  as  respects  their  vital  condi- 
tions, and  thus  effect  a  diminution  of  the  magnitude  of  error  due 
to  individual  cell  differences.  This  procedure,  in  fact,  gave  more 
comparable  results. 

By  the  counting  chamber  method,  and  using  the  same  sus- 
pension already  used  with  the  droplet  method,  the  results  given 
in  Table  III  were  secured. 

The  largest  variation  in  the  series  of  countings  on  the  same 
suspension  was  in  Tube  5  (602  to  684 — difference  82,  about  13 
per  cent  variation  between  the  first  and  second  counting). 

It  seems,  therefore,  that  a  more  even  and  reUable  result  can 
be  obtained  by  the  use  of  this  procedure  than  with  the  droplet 
method  devised  by  Williams,  even  though  the  droplets  were  made 
by  the  platinum  needle  instead  of  a  pen. 
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We  have  tested  the  effect  of  increasing  the  quantity  of  the 
first  aqueous  extraction  of  wheat  germ  on  the  growth  of  yeast. 
The  uniformly  beneficial  effects  were  suggestive  that  the  high 
content  of  water-soluble  B  in  the  extract  exerted  a  stimulating 
effect  on  the  growth  of  the  yeast. 

The  results  of  testing  the  second  and  third  extracts  prepared 
from  the  residue  of  the  first  extraction  when  tested  for  their 
effect  on  the  growth  of  yeast  are  given  in  Tables  IV  and  V. 

TABLE  IV. 

TB9i  with  Second  Extract. 

Av«raie  after  18 
hn.  incubation. 


Control  solution 

"  "        +0.1CC 

"  "        +0.2  " 

u  u        _,_  0.4  « 


21 
U2 
206 
325 
643 


TABLE  V. 
Test  with  Third  Extract. 


• 

No.  of  celU. 

Average  after 24 
hrs.  incubatkm. 

Control  solution 

150 
378 
421 
511 
1,068 
649 

180 
366 
480 
554 
1,240 
633 

174.6 

"            "        +1.0  cc. 

372 

u            «         .2.0    " 

450.5 

"            "        +3.0    " 

532.5 

+  1.0    " 

a                u          _^  10     " 

first  extract 

second  "    

1,154' 
641 

The  results  show  clearly  that  there  is  a  stimulating  effect  of 
the  extracts  on  the  rate  of  multipUcation  of  yeast  and  that  in 
general  the  greater  the  amount  of  extract  added  the  more  pro- 
nounced the  acceleration. 

Alcoholic  extracts  of  wheat  germ  were  also  prepared  in  which 
various  strengths  of  alcohol  were  used,  varying  from  40  to  75 
per  cent.  In  all  cases  the  germ  was  boiled  for  10  minutes  in 
alcohol  and  the  solution  filtered  through  paper  or  an  alundum 
filter,  then  evaporated  on  a  water  bath  at  low  temperature  with 
a  fan  blowing  on  the  surface.    In  all  cases  it  was  observed  that 
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the  growth  of  yeast  was  markedly  stimulated  by  the  addition  of 
an  alcoholic  extract  of  wheat  germ  to  the  control  solution. 

In  some  experiments  we  have  used  wheat  germ  extract  treated 
wdth  sodium  bicarbonate  and  autoclaved,  in  order  to  destroy  as 
much  as  possible  of  the  antineuritic  substance.  Before  addition 
of  such  extracts  to  the  nutrient  medium  the  sodium  bicarbonate 
was  neutralized  with  hydrochloric  acid. 

Extract  of  fresh  beef  made  by  boiling  the  latter  with  water 
was  also  employed.  The  beef  muscle  was  treated  with  2  per 
cent  of  NaHCOs,  moistened  and  allowed  to  stand  for  3  hours, 
then  autoclaved  1  hour  at  15  pounds  pressing.  Extract  of  rolled 
oats  was  also  used.  The  oats  were  treated  with  2  per  cent 
of  NaHCOi  and  autoclaved  at  15  pounds  pressure  as  described 
for  the  meat  muscle.  The  oats  so  treated  were  fed  to  young 
rats  ip  a  diet  consisting  of  rolled  oats  40.0,  gelatin  5.0,  casein 
5.0,  NaCl  1.0,  butter  fat  3.0,  CaCOa  1.5  per  cent.  The  animals 
failed  to  grow.  After  41  days  3  per  cent  of  untreated  wheat 
germ  was  added  to  the  diet  to  furnish  the  antineuritic  substance. 
The  animals  responded  at  once  with  rapid  growth.  40  per  cent 
of  untreated  oats  furnishes  an  abundance  of  antineuritic  sub- 
stance, water-soluble  B,  for  growth.  The  treatment  of  the  oats 
with  alkaU  had,  therefore,  destroyed  its  content  of  this  substance. 

The  series  has  been  extended  by  the  employment  of  meat 
extract  prepared  by  precipitation  with  barium,  the  addition  of 
barium  being  stopped  while  the  solution  was  still  distinctly  acid. 
After  the  removal  of  the  barium  sulfate  the  remaining  acidity 
was  neutralized  by  anmioniimi  hydroxide. 

All  extracts  employed  in  our  experiments  were  carefully  steril- 
ized by  boiling  and  kept  in  an  ice  box  until  used.  Observations 
were  made  to  establish  that  there  was  no  contamination  of  these 
extracts  with  bacteria. 

Table  VI  illustrates  the  effect  of  40  per  cent  alcoholic  extract 
of  wheat  germ  added  to  the  control  solution  on  the  rate  of  devel- 
opment of  yeast  cells.  Equal  amounts  of  successive  extracts 
were  employed. 

Table  VII  illustrates  the  effect  of  adding  1  cc.  of  each  of  a 
series  of  eight  successive  extracts  of  wheat  germ,  using  40  per 
cent  alcohol  as  a  solvent. 
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Table  VIII  illustrates  clearly  the  progressively  increasing 
benefit  to  the  yeast  by  adding  increasing  amounts  of  75  per  cent 
alcoholic  extract  of  wheat  germ. 


TABLE  VI. 


5  cc.  of  control  solution 

5  "     "       "  "       +  1  cc.  first  extract. 

6  "    "       "  "       +  1  "    second    " 
6  "     "       "  "       +  1  "    third 
6  "     "       "  "       +  1  "    fourth 


Averace. 


140 

804.5 

508 

404 

414.5 


TABLE  VII. 


No.  of  cells  after  20  hra. 

Averase. 

5  cc. 

control  solution 

570 

1,560 

433 
1,720 

480 

494  3 

5  " 

+  1  cc. 

first  extract.... 

1,640 

5  " 

+  1    " 

second    " 

1,610 

1,720 

1,665 

5  " 

+  1    " 

third      "      ... 

890 

810 

850 

5  " 

■f  1    " 

fourth    " 

760 

670 

715 

6  " 

+  1    " 

fifth        "      ... 

590 

690 

640 

6  " 

+  1    " 

sixth      " 

820 

680 

780 

760 

5  " 

+  1    " 

seventh  " 

760 

560 

660 

5  " 

+   1    " 

eighth    " 

500 

600 

550 

TABLE  VIII. 


5  CC.  control  solution  -f  1 .0  cc.  water 

6  "  "  *'  -f  0.9  "  "  +  0.1  cc.  first 
extract 

5  CC.  control  solution  -f  0.8  cc.  water  +  0.2  cc  first 
extract 

5  cc.  control  solution  +  0.6  cc.  water  -f  0.4  cc.  first 
extract 

5  cc.  control  solution  +  1.0  cc.  water  -f  1.0  cc.  first 
extract 


No.  of  cells  after 

20  hrs.  incubation 

per  400  squares. 


499  483 

1,000  870 

1,360  1,390 

1,610  1,740 

2,180  2,540 


Averac«. 


491 

935 

1,375 

1,675 

2,360 


Tables  IX,  X,  and  XI  illustrate  the  effect  of  adding  to  the 
control  solution  aqueous  or  alcoholic  (40  per  cent  alcohol)  ex- 
tracts of  wheat  germ.    In  these  experiments  the  wheat  germ  had 
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TABLE  IX. 


5  cc.  control  solution 

5  **  "  "        +  1  cc.  autoclaved  wheat 

germ  extract 

5  cc.  control  solution  +  2  cc.  autoclaved  wheat 

germ  extract 

5  cc.  control  solution  -f  1  cc.  alcoholic  extract  of 

wheat  germ 

5  cc.  control  solution  +  2  cc.  alcoholic  extract  of 

wheat  germ 

T.\BLE  X. 

5  cc.  control  solution 

5  "         "  "         +1.5  cc.  water  +  0.5  cc.  75 

per  cent  alcoholic  extract 

5  cc.  control  solution  +  1.0  cc.  water  -f  1.0  cc.  75 

per  cent  alcoholic  extract. 

5  cc.  control  solution  -f  1.0  cc.  water  +  0.5  cc.  75 

per  cent  alcoholic  extract  -f  1.0  cc.  autoclaved 

wheat  germ 

5  cc.  control  solution  -f  1  cc.  autoclaved  wheat 

germ  +  1  cc.  75  per  cent  alcoholic  extract 

5  cc.  control  solution  -f  1  cc.  autoclaved  wheat 

germ  +  1  cc.  water 

TABLE  XI. 

5  cc.  control  solution  -f  2  cc.  water 

5  "  "  "  +  1  "  "  +  1  cc.  ex- 
tract autoclaved  wheat  germ 

5  cc.  control  solution  -f  2  cc.  extract  autoclaved 
wheat  germ 

5  cc,  control  solution  +  1  cc.  water  +  1  cc.  40  per 
cent  alcoholic  extract  wheat  germ 

5  cc.  control  solution  -f  2  cc.  40  per  cent  alcoholic 
extract  wheat  germ 


No.  of  cells  after 

18  hrs.  per  400 

squares. 

Average. 

770       580 

675 

2,460    1,860 

2,160 

2,650    3,530 

3,090 

2,520    2,420 

2,470 

2,530    2,320 

2,425 

No.  of  cells  after 

18  hrs.  per  400 

squares. 

Average. 

160 

210 

185 

1,340 

1,210 

1,275 

2,060 

2,030 

2,045 

• 

1,920 

1,480 

1,700 

2,790 

3,920 

3,355 

2,190 

2,120 

2,155 

No.  of  cells  after 

20  hrs.  per  400 

squares. 

Average. 

100          120 

110 

2,440    2,320 

2,380 

2,730    2,630 

2,680 

2,040    2,320 

2,180 

2,190    1,670 

1,930 
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been  treated  with  2  or  4  per  cent  sodium  bicarbonate,  allowed  to 
stand  in  a  moist  condition  for  3  hom«  or  longer,  in  order  that  the 
alkali  might  penetrate  the  material.  The  wheat  germ  was  then 
autoclaved  at  15  pounds  pressure  for  3  hours,  the  acid  neutralized, 
and  the  material  dried  in  a  current  of  warm  air.^ 


TABLE  XII. 

24hr8. 

48  hn. 

Counts. 

Aver- 
age. 

Counts. 

Aver- 
ace. 

1.  10  cc.  control  solution. 

2.  10    "        "              "       +  1  cc.  10  per  cent 

glucose. 

3.  10  cc.  control  solution  +  2  cc.  10  per  cent 

glucose. 

4.  10  cc.  control  solution  +  1  cc.  autoclaved 

wheat  germ  extract. 

5.  10  cc.  control  solution  +  1  cc.  autoclaved 

wheat  germ  extract  +  1  oc.  10  per  cent 
glucose. 

6.  10  cc.  control  solution  +  1  cc.  75  per  cent 

alcoholic  wheat  germ  extract. 

7.  10  cc.  control  solution  +  1  co.  75  per  cent 

alcoholic  wheat  germ  extract  +  1  cc.  10  per 
cent  glucose. 

300 
310 

390 
330 

360 
380 

1,540 
1,350 

1,400 
1,390 

1,650 
1,810 

1,570 
1,540 

305 

360 

370 

1,445 

1,395 

1,730 
1,555 

2,350 
2,500 

5,020 
4,940 

8,300 
7,650 

2,880 
3,060 

3,780 
4,020 

5,340 
5,450 

5,400 
5,760 

2,425 
4,980 
7,976 
2,970 
3,900 

5,395 
5,580 

It  is  easily  apparent  that  the  addition  of  these  extracts  exerted 
a  profound  stimulating  effect  on  the  growth  of  the  yeast,  but 
that  the  extent  of  acceleration  of  the  growth  of  yeast  is  not 
proportional  to  the  amount  of  extract  added. 

*  This  germ  was  used  in  a  feeding  experiment  with  rats  to  show  whether 
it  still  contained  any  appreciable  amount  of  water-soluble  B.  The  ration 
consisted  of  casein  18,  treated  wheat  germ  15,  butter  fat  5,  salt  mixture 
(No.  185)  3.7,  dextrin  58.3  per  cent.  The  animals  failed  to  grow.  In  a 
subsequent  period  rapid  growth  took  place  when  3  per  cent  of  untreated 
germ  was  included  in  the  diet.  All  the  antineuritic  substance  had  been 
practically  destroyed  by  heating  with  alkali. 
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Table  XII  illustrates  the  effect  on  the  growth  of  yeast  of  add- 
ing to  the  control  solution  varying  amounts  of  glucose  and  of 
glucose  together  with  extracts  of  wheat  germ. 

It  will  be  observed  that  Nos.  2  and  3  shoW  a  surprising  accel- 
eration due  to  the  addition  of  double  the  amount  of  glucose.  1  cc. 
of  10  per  cent  glucose  solution  added  to  10  cc.  of  control  solution 
produced  4,980  yeast  cells  after  48  hours.  2  cc.  of  the  glucose 
solution  added  to  10  cc.  of  control  solution  led  to  the  develop- 
ment of  7,975  cells  in  the  same  interval.  Comparing  Nos.  4  and 
6,  the  addition  of  1  cc.  of  autoclaved  wheat  germ  extract  produced 
2,970  cells  in  48  hours,  whereas  the  same  medium  with  1  cc.  of 
10  per  cent  solution  produced  3,900  cells.  That  results  are  not 
always  consistent  is  shown  by  comparison  of  Nos.  6  and  7,  in 
which  there  was  a  marked  effect  from  the  addition  of  1  cc.  of 
76  per  cent  alcoholic  extract  of  wheat  germ,  and  very  sUght 
further  stimulation  by  the  addition  of  1  cc.  of  10  per  cent  glucose. 

Table  XIII  illustrates  further  the  lack  of  uniformity  in  the 
development  of  yeast  under  different  conditions. 

CJomparing  Nos.  2  and  3,  greater  growth  was  secured  by  add- 
ing to  10  cc.  of  the  control  solution  1  cc.  of  10  per  cent  glucose 
solution  than  was  obtained  by  the  addition  of  0.1  cc.  of  75  per 
cent  alcohoUc  extract  of  wheat  germ  without  additional  glucose. 
In  order  to  test  the  possibility  of  securing  comparable  develop- 
ment of  yeast  when  the  cultural  conditions  for  every  cell  were  as 
nearly  as  possible  identical  the  following  procedure  was  tried. 

A  drop  of  yeast  suspension  was  placed  on  a  clean  cover-slip, 
and  the  number  of  yeast  cells  contained  in  it  carefully  determined 
by  counting.  The  yeast  cells  were  then  immediately  washed 
into  a  sterile  test-tube  by  means  of  control  solution,  and  the 
amount  of  control  solution  was  then  adjusted  so  that  0.1  cc.  of 
nutrient  solution  was  available  for  each  yeast  cell  present.  The 
following  five  experiments  illustrate  the  results  of  this  procedure. 
An  examination  of  Table  XIV  shows  that  in  the  first  test-tube 
there  were  21  yeast  cells,  each  with  0.1  cc.  of  nutrient  medium. 
After  12  hours  the  number  was  increased  to  39,  an  approximate 
multiplication  of  the  original  number  by  2.  In  the  second  tube 
29  cells  were  present,  and  in  12  hours  this  had  multipUed  the 
original  nimiber  by  16.  In  the  third  tube  31  cells  were  present 
and  after  12  hours  this  had  multipUed  the  original  number  by  19 
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In  the  fourth  tube  34  cells  were  present,  and  after  12  hours  this 
had  multiplied  21^  times  the  original  number.  In  the  fifth  tube 
43  cells  were  present  and  in  12  hours  the  original  number  was 
multiplied  by  10.  The  cause  of  these  irregular  results  is  unques- 
tionably to  be  attributed  to  the  introduction  of  injured  cells  or 
cells  of  low  reproductive  power  into  the  test  specimens. 


TABLE  XIII. 


1.  10  cc.  control  solution. 


ti 


2.  10  " 

glucose. 


tt 


H-  1.0  cc.  10  per  cent 


3.  10  cc.  control  solution  +  0.1  cc.  75  per  cent 

alcoholic  extract  wheat  germ. 

4.  10  cc.  control  solution  -f  0.1  cc.  75  per  cent 

alcoholic  extract  wheat  germ  +  1.0  cc.  10 
per  cent  glucose. 

5.  10  cc.  control  solution  +  0.5  cc.  75  per  cent 

alcoholic  extract  wheat  germ. 

6.  10  cc.  control  solution  +  0.5  cc.  75  per  cent 

alcoholic  extract  wheat  germ  +  1  cc.  10 
per  cent  glucose. 


7.  10  cc.  control  solution  +  1  cc.  75  per  cent 

alcoholic  extract  wheat  germ. 

8.  10  cc.  control  solution  +  1  cc.  75  per  cent 

alcoholic  extract  wheat  germ  +  1  cc.  10 
per  cent  glucose. 


IShre. 


Counts, 


350 
290 

420 
380 

620 
670 

910 
980 


940 
1,300 

930 
890 


1,250 
1,800 

1,130 
1,240 


Aver- 
age. 


320 


400 


645 


945 


52hr8. 


Counts. 


1,120 


910 


1,525 


1,185 


4,680 
4,100 

4,660 
4,620 

3,600 
3,760 


Aver- 


4,390 


4,640 


3,680 


6,260   5,790 
5,320 


4,240 
4,400 

4,340 
4,452 


4,420 
4,590 

4,380 
4,190 


4,320 


4,396 


4,505 


4,285 


We  have  sought  to  test  the  value  of  a  procedure  involving  the 
addition  of  1  drop  of  opalescent  suspension  of  yeast  cells  in  water 
to  several  test-tubes,  each  containing  10  cc.  of  nutrient  solu- 
tion, and  then  counting  these  cells  in  the  Levj'^  chamber  before 
incubation. 
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Table  XV  illustrates  one  set  of  experiments  in  which  fairly 
close  agreement  was  obtained  by  this  procedure,  but  the  agree- 
ment is  presumably  due  to  the  good  fortune  of  selecting  a  series 
of  cells  all  or  nearly  all  of  which  were  capable  of  development. 

In  Table  XVI  are  recorded  the  results  of  a  series  of  trials 
designed  to  determine  the  effect  of  various  extracts  on  the  rate  of 

TABLE  XIV. 


Tube  No. 

Original  count. 

Control  solution. 

Count  after  12 
hrs. 

Average. 

ceUs 

cc. 

celU 

cells 

1 

21 

2.1 

43 
35 

39 

2 

• 

29 

2.9 

464    . 
461 

462.5 

3 

31 

3.1 

594 

586 

590 

4 

34 

3  4 

767 
698 

732.5 

43 

4  3 

422 
454 

438 

TABLE  XV. 


Tube  No. 

Count  per  400  squares. 

Count  after  22  hrs. 

Average. 

- 

1 
2 
3 

cells 

3 
4 
3.5 

cells 

186         198 
174        195 
169        153 

celU 
192 

184.5 
161 

development  of  yeast.  The  volume  of  solution  was  kept  con- 
stant by  the  addition  of  glucose  solution  or  water.  The  mate- 
rials from  which  the  extracts  were  prepared  in  these  experiments 
had  been  subjected  to  heat  under  pressure  in  the  presence  of 
sodium  bicarbonate  as  described  in  the  methods  of  preparation 
of  materials.  In  all  cases  these  preparations  had  been  tested 
with  rats  and  found  to  be  at  least  practically  free  from  the  dietary 
factor  water-soluble  B.    Notwithstanding  the  fact  that  they  con- 
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tained  so  little  of  this  substance  as  to  be  undemonstrable  by 
experiments  on  the  rat  the  extracts  were  still  very  effective  in 
stimulating  the  growth  of  yeast.  These  results  suggest  that 
although  the  addition  of  the  antineuritic  substance  in  minute 
amounts  may  have  influenced  the  growth  of  yeast  in  these  experi- 


TABLE  XVI. 


1.  9  cc.  control  solution. 

1  "  10  per  cent  glucose  solution. 

1  "  H,0. 

2.  8  ''  control  solution. 

2  "  glucose        " 

1  "  H,0. 

3.  8  ''  control  solution. 

2  "  glucose        " 

1  '*  eighth  extract  wheat  germ. 


8   ''  control  solution. 
2    "  dextrose      " 

1  **  autoclaved  wheat  extract  (first). 

5.  8    **  control  solution. 

2  "  glucose        " 

0.5    **  first  extract  wheat  germ. 
0.5    "  H,0. 

6.  8    **  control  solution. 
2    "  glucose         " 

1  **  first  extract  wheat  germ. 

7.  8    **  control  solution. 

2  "  glucose         " 

1  ''  rolled  oats  extract  (made  from 
rolled  oats  autoclaved  with  2  per  cent 
NaHCO,). 

8.  8  cc.  control  solution. 

2  "  glucose        " 

1  **  beef  extract  (from  beef  steak  auto- 
claved with  2  per  cent  NaHCOs). 


No.  of  cellB  after 
18  hn. 


390 


310 


320 


350 


380 


340 


1 ,750   1 ,610 


1 ,880   1 ,750 


1 ,960   1 ,990 


1,980   2,010 


1 ,700   1 ,760 


370 


345 


330 


1,680 


1,815 


1,975 


1,995 


1,730 
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TABLE  XVII. 


1.  9  CC. 
1 
1 

2.  8 
2 
1 

3.  8 
2 
1 

4.  8 
2 
1 

5.  8 
2 

0.1 

6.  8 
o 

0.5 
0.5 

7.  8 
2 
1 

8.  8 
2 
1 

9.  8 
2 


10.  8 

9 

1 

11.  8 
2 


control  solution. 

10  per  cent  glucose  solution. 

H,0. 

control  solution, 
glucose        " 
H.O. 

control  solution. 

glucose        " 

eighth  extract  wheat  germ. 

control  solution. 

glucose        " 

autoclaved  wheat  extract  (first). 

control  solution. 

glucose       " 

first  extract  wheat  germ. 

control  solution. 

glucose        " 

first  extract  wheat  germ  (alcohol). 

H,0. 

control  solution. 

glucose        " 

first  extract  wheat  germ  (alcohol). 

control  solution. 

glucose        " 

fifth  extract  wheat  germ  (alcohol). 

control  solution. 

glucose        *' 

extract  rolled  oats  (fresh  oats). 

control  solution. 

glucose        " 

steak  extract  (alkalinized  steak). 

control  solution. 

glucose        " 

third  extract  wheat  germ  (alcohol). 


No.  of  cells 
after  20  hi«. 


a 

6 


156 
137 

143 

139 

133 
128 

732 


493 
535 

675 


1,340 


170 
143 

636 
752 

1,027 


880 


I 

> 


146.5 


141 


130.5 


732 


514 


675 


1,340 


156.5 


694 


1,027 


880 


No.  of  cells 
after  43  hr«. 


a 

6 


i,510 
2,880 

2,300 
2,180 

1,740 
2,010 

4,180 
4,230 

3,900 
4,780 

5,020 
5,210 


4,740 
4,100 

4,830 
5,140 

3,680 
4,310 

4,560 
4,940 

2,230 
2,340 


2,695 


2,240 


1,875 


4,205 


4,340 


5,115 


4,420 


4,985 


3,995 


4,750 


2,285 


Gas. 


ee. 
2.6 


2.5 


0.5 


10 


8 


8 


8 


10 
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ments,  this  factor  is  so  small  as  to  make  it  practically  certain 
that  other  added  substances,  as  glucose  and  amino-acids,  also 
served  to  influence  the  results  in  a  marked  way. 

Table  XVII  illustrates  the  results  obtained  in  a  series  of  experi- 
ments in  which  it  was  sought  to  estimate  by  the  gas  produced  by 
the  yeast  culture  the  extent  of  growth  of  the  yeast  in  several 


TABLE  XVIII. 


1.     1  cc.  control  solution. 


it 


« 


2.  1    " 
1    "  autoclaved  wheat  extract. 

3.  10    "  control  solution. 

0.5    "  digested  meat  (prepared  from  fresh 
steak  not  autoclaved  with  alkali). 

4.  10  cc.  control  solution. 

0.5    "  digested  meat  extract  (prepared  from 
fresh  steak  not  autoclaved  with  alkali). 

5.  10  cc.  control  solution. 

1    "  digested  meat  extract  (prepared  from 
fresh  steak  not  autoclaved  with  alkali). 

6.  10  cc.  control  solution. 

1    "  first  extract  wheat  germ. 

7.  10    "  control  solution. 

0.5    "  first  extract  wheat  germ. 


No.  of  cells  after 
20hr8. 


1,020    1,230 
1,980    2,080 


1,820    1,970 


2,048    2,200 


2,412    1,940 


2,020    2,380 


1,680    1,880 


Average. 


1,125 
2,030 


1,895 


2,124 


2,176 


2,200 


1,780 


types  of  modified  nutrient  medium.  These  results  are  so  vari- 
able,  when  we  compare  the  gas  production  with  the  number  of 
yeast  cells  generated  during  the  period  of  incubation,  that  the 
measurement  of  the  amount  of  gas  produced  does  not  give  prom- 
ise of  value  in  this  Une  of  work. 

In  Table  XVIII  is  presented  a  series  of  observations  on  the 
effect  of  adding  an  amino-acid  mixture  obtained  by  the  hydrolysis 
of  beef  muscle  with  sulfuric  acid. 


G.  de  P.  Souza  and  E.  V.  McCollum        129 

So  far  as  our  knowledge  permits  us  to  judge,  these  digested 
meat  extracts  could  serve  only  as  a  source  of  amino>acids,  since 
the  treatment  was  sufficient  to  reduce  the  proteins  practically  to 
the  amino-acid  state,  and,  since  muscle  tissue  is,  even  in  the  fresh 
condition,  very  poor  in  the  antineuritic  factor  (water-soluble  B), 
the  same  meat  after  hydrolysis  with  strong  sulfuric  acid  .would 
scarcely  contain  a  trace  of  it.  Yet  these  meat  digests  exerted  a 
profound  influence  on  the  rate  of  development  of  yeast,  approx- 
imately doubling  the  number  of  cells  which  were  counted  after 
20  hours  incubation  in  Experiments  6  and  7,  Table  XVIII.  It  is 
again  apparent  that  doubling  the  amount  of  the  antineuritic 
substance  derived  from  wheat  genn  extract  does  not  exert  a  pro- 
portional stimulating  effect  on  the  growth  of  yeast. 

The  series  of  observations  which  we  have  presented  above  seem 
to  us  to  form  a  conclusive  demonstration  that  the  use  of  yeast 
as  a  test  organism  for  determining  the  presence  or  absence  of 
the  antineuritic  dietary  factor  is  compUcated  by  so  many  dis- 
turbing factors  as  to  make  it  of  Uttle  if  any  value.  Whenever 
extracts  of  natural  foods  are  to  be  tested  it  is  inevitable  that 
food  substances  of  one  kind  or  another  which  greatly  stimulate 
the  growth  of  yeast  must  be  added  simultaneously  with  the 
unidentified  dietary  essential  for  which  the  test  was  designed. 
Glucose  and  amino-acids  effect  such  stimulation 

We  do  not  desire  to  draw  the  deduction  from  the  data  here 
presented  that  the  antineuritic  substance  is  not  necessary  for  the 
development  of  yeast,  or  that  it  does  not  stimulate  the  growth  of 
yeast,  but  the  se\feral  modifications  of  the  procedure  originally 
described  for  the  utiUzation  of  yeasts  as  a  test  for  the  antineu- 
ritic substance  point  so  definitely  to  several  difficulties  in  the  way 
of  making  this  a  satisfactory  test  that  it  has  seemed  to  us  desir- 
able to  present  the  results  for  the  benefit  of  those  who  may  be 
interested  in  this  Une  of  work. 
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HEMATO-RESPIRATORY  FUNCTIONS. 


VI.    THE  ALTERATION  OF  THE  CO.  RATIO  (HsCOi :  NaHCOi)  IN 
THE  BLOOD  DURING  ELEVATION  OF  BODY  TEMPERATURE. 

By  HOWARD  W.  HAGGARD. 

(From  the  Physiological  Laboratory  of  Yale  Univereity  School  of  Medicine , 

New  Haven.) 

(Received  for  publication,  August  7,  1920.) 

Increase  in  temperature  lowers  the  solubility  coefficient  of  COi 
in  blood.  It  also  increases  the  tension  of  water  vapor  in  the 
lungs,  and  this  tends  to  reduce  the  partial  pressure  of  COt.  Both 
conditions  act,  therefore,  to  reduce  the  dissolved  COj,  and  pre- 
sumably the  H2CO8,  in  the  arterial  blood.  On  merely  physico- 
chemical  grounds  we  should,  therefore,  expect  that  increase  in 
body  temperature,  whether  from  fever  or  from  extrinsic  causes, 
e.g.  hot-  packs  or  baths,  would  depress  respiration  to  a  degree 
sufficient  to  allow  the  alveolar  CO2  tension  to  rise  and  thus  count- 
eract the  reduction  in  the  solubility  of  CO2. 

This,  however,  is  not  the  case.  On  the  contrary,  rise  of  body 
temperature  is  accompanied  by  an  augmentation  of  respiration 
and  a  fall  in  the  alveolar  CO2  tension  in  excess  of  the  decrease 
produced  by  the  higher  partial  pressure  of  water  vapor  in  the 
lungs..  These  physiological  relations  are  to  be  seen  in  the  follow- 
ing experiments.    AD  of  those  performed  in  vivo  were  upon  myself. 

Experiment  1. — Subject,  normal,  human,  adult,  male.  Body  tempera- 
ture was  increased  by  immersion  up  to  the  chin  in  water  at  43**C.  for  20 
minutes.  Oral  temperatures  taken.  Alveolar  air  obtained  by  Henderson 
sampler  (1). 

Alveolar  COt. 


Normal  resting 

After  20  min.  immersion 

Difference 
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tntn. 


39.9 

35.0 

-4.9 
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The  increase  of  water  vapor  in  the  lungs  from  46.65  mm.  at 
37®C.  to  54.87  mm.  at  40°C.,  unless  compensated  in  some  way, 
would  result  in  a  fall  of  0.5  nmi.  in  CO2  alveolar  tension,  or  0.07 
per  cent.  The  experimental  findings  here  indicate  a  decrease  in 
the  dry  gas  percentage  from  the  normal  of  5.6  per  cent  to  4.9 
per  cent  at  40°C.,  a  fall  of  0.7  per  cent  or  4.9  nmi.  COi. 

Overbreathing  of  the  amount  thus  indicated  is  not  sufficient  to 
effect  in  the  brief  period  of  such  an  experiment  any  considerable 
lowering  of  the  available  blood  alkali,  as  expressed  in  the  disso- 
ciation curve,  although  it  would  of  course  induce  an  inmiediate 
slight  decrease  of  the  alkali  in  use,  as  expressed  by  a  shifting  of 
the  arterial  point  along  the  curve  to  the  left.  That  the  blood 
alkali  is  not  sensibly  lowered  is  to  be  seen  in  the  following  exper- 
iment. 

Experiment  t, — General  procedure  as  in  previous  protocol.  Blood  sam- 
ples were  drawn  from  the  median  basilic  vein  before  and  at  the  end  of  the 
period  of  immersion  and  were  equilibrated  at  37°C.  with  COs  at  40  mm. 
tension. 

20  minutes  immersion  at  43.2'*C. 


Normal  resting 

After  20  min.  immersion 
Difference 


Oral 
temperature. 


•c. 

37.0 
40.8 

H-3.8 


Alveolar  COt. 


Willi. 

39.2 

33.9 

-5.3 


COt  combiDed 

by  blood  at  40 

mm.  tenaioii, 

87*C. 


tcl.  jMreenI 

47 

47 
0 


The  fall  in  alveolar  COi  tension  due  to  water  vapor  in  this 
experiment  would  amount  to  0.6  mm.  An  actual  fall  of  5.3 
mm.  occurred.  This  represents  a  decrease  in  dry  COi  from  the 
normal  of  5.5  per  cent  to  4.8  per  cent. 

As  indicated  by  the  COrKJombining  power  at  40  mm.  CO% 
tension,  37®C.,  there  was  no  absolute  decrease  in  available  blood 
alkali. 


Experiment  S. — Normal  blood  of  the  same  person  equilibrated  at  35®  and 
at  40'*C.  with  39.5  and  38.7  mm.  CO2,  respectively.  Analysis  and  calcula- 
tion showed  the  COj  content,  dissolved  and  combined  CO2,  and  COi  ratio 
as  follows: 
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CO, 
content. 

CO, 
diasolved. 

CO, 
combined. 

CO,  rmtio. 

At  35*'C.  and  39.5  mm.  CO, 

u    4Q  «      «    3g7    «     CQ^ 

vol.  per  cent 

48 
47 

vol.  per  cent 

2.90 
2.58 

vol.  per  cent 

45.10 
44.42 

percent 

6.4 

5.8 

Increase  in  body  temperature  results  in  a  considerable  fall  in 
the  alveolar  COj,  and,  therefore,  probably  in  the  CO2  dissolved 
in  the  arterial  blood.  This  decrease,  as  is  shown  in  Experiment 
2,  is  not  compensated  by  a  fall  in  the  available  alkali  of  the  blood, 
for  this  remained  constant.  Unless  some  alteration  in  the  COi- 
carrying  power  of  the  blood  occurs  in  response  to  change  in 
temperature,  a  displacement  to  some  new  value  in  the  balance 
between  the  free  and  combined  CO2,  the  CO2  ratio,  of  the  arterial 
blood  must  occur  and,  presumably,  a  change  in  Ch  result. 

That  such  a  change  does  occur  in  the  C02-combining  power  of 
the  blood  but  that  it  is  of  a  magnitude  insufficient  to  compensate 
the  fall  in  dissolved  CO2,  is  shown  in  the  following  section. 

The  Influence  of  Temperature  Upon  the  COt-Carrying  Power  of 

Blood  in  Vitro. 


Christiansen,  Douglas,  and  Haldane  (2)  cite  one  equilibration 
to  illustrate  the  effect  of  temperature  upon  the  COi-combining 
power  of  defibrinated  blood.  Van  Slyke,  Stillman,  and  Cullen 
(3)  have  shown  the  extent  of  this  change  in  plasma.  The  quan- 
titative relations  for  whole  blood,  however,  have  not  been  made 
clear.  That  temperature  does  influence  to  some  extent  the 
equilibrium  between  carbon  dioxide  and  the  buffer  substances  of 
the  blood,  independent  of  the  effect  on  carbon  dioxide  solubiUty, 
has  been  shown  by  L.  J.  Henderson  (4). 

The  greatest  determining  factor,  however,  in  placing  the  level 
of  alkali  in  use,  must  be  the  dissolved  CO2  in  relation  to  the 
dissociation  curve.  In  order  to  test  quantitatively  the  degree  of 
response  of  alkaU  to  the  dissolved  CO2,  dissociation  curves  were 
plotted  from  normal  dog  blood  at  temperatures  of  17°C.  or 
20*^  and  40°C.  The  curves  so  obtained  were  then  compared  at 
those  points  which  represented  like  amounts  of  CO2  in  solution. 
Coincidence  at  these  points  would  indicate  a  complete  response 
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of  the  alkali  to  the  dissolved  CO2  independent  of  other  effects  of 
temperature. 

Normal  blood  from  four  dogs  ((a),  (6),  (c),  and  (d))  was  ox- 
alated  and  then  equiUbrated  at  40°C.  with  CO2  at  three  tensions. 
A  second  portion  of  the  same  blood  was  then  equiUbrated  at 
17°C.,  or  at  20°C.,  with  CO2  at  three  tensions. 

The  CO2  retained  by  the  blood  after  each  equiUbration  minus 
the  CO2  in  solution  is  given  in  Table  I. 


TABLE  I. 


Temperature  17*C. 

Temperature  40*C. 

Blood. 

Equilibrat- 
ing tensioo 
COt. 

Combined 
COs. 

Dissolved 
CO,. 

Equilibrat- 
ing tension 
COf. 

Combined 
CO,. 

Dissolved 
CO.. 

(a) 

• 

(6) 

mm. 

22.4 
41.0 
74.6 

22.4 
41.0 
74.6 

vol.  per  cent 

39.35 
49.15 
63.18 

29.35 
35.15 
45.12 

vol.  per  cent 

2.65 
4.85 

8.82 

2.65 
4.85 

8.82 

mm. 

21.2 
38.8 
70.5 

21.2 
38.8 
70.5 

vol.  per  cent 

28.61 
35.45 
49.37 

18.61 
28.45 
37.37 

vol.  percent 

1.39 
2.55 
4.63 

1.39 
2.55 
4.63 

Temperature  20'C. 

Temperature  40'C. 

(c) 
id) 

16.1 
40.8 
81.6 

16.1 
40.8 
81.6 

36.12 
50.23 
60.45 

30.12 
42.23 
50.45 

1.80 
4.73 
9.55 

1.80 
4.73 
9.55 

15.2 

38.8 
77.6 

15.2 
38.8 
77.6 

24.00 
39.45 
49.88 

22.00 
34.45 
43.88 

1.00 
2.55 
5.12 

1.00 
2.55 
5.12 

The  curves  from  Bloods  (a)  and  (6)  are  plotted  in  Fig.  1.  The 
close  coincidence  of  the  curves  at  17**  and  40°C.  at  those  points 
which  represent  like  amounts  of  CO2  in  solution  is  apparent. 
The  curves  at  40°C.  tend  to  run  slightly  lower  than  those  at 
17°C.,  but  hardly  in  excess  of  the  error  of  the  method. 

Rise  in  body  temperature  from  all  the  aspects  approached  ia 
this  paper  tends  to  displace  to  a  new  value  the  ratio  of  HjCOi: 
NaHCOs  in  the  blood. 
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In  order  adequately  to  compensate  the  fall  in  dissolved  CO2 
the  dissociation  curve  would  need  to  be  of  such  a  shape  that  all 
values  of  alkali  maintain  a  constant  ratio  with  the  dissolved  CO2. 
The  curves  are  entirely  too  flat  to  allow  this,  and  the  Ch  is  there- 
fore decreased. 

These  observations  tend  to  confirm  the  supposition  that  under 
increase  in  body  temperature  the  COj  ratio  is  reduced  by  physio- 
logical, even  more  than  by  mechanical,  factors. 


40 

^ 

^^ 

\ 

^' 

>^ 

^m 

^ 

V 

^ 

.^^ — s 

r^J^ToT^ 

" — 

"     ' 

3S 

/ 

V 

^ 

* 

/ 

^ 

JIP 

/ 

29 

/ 

<^ 

9 

a- 

* 
« 

a/0 

/ 

1 

I 

I 

1 

1 

0  I  X.  ^ 


Fig.  1. 


SUMMARY. 

Rise  in  body  temperature  lowers  the  alveolar  CO2  tension  and 
reduces  the  amount  of  CO2  in  solution  in  blood. 

No  compensatory  changes  in  the  C02-combining  power  of  the 
l>lood  occurs. 

The  alkali  in  use  is  not  lowered  in  proportion  to  the  decrease 
in  dissolved  CO2. 
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The  CO2  ratio  is  therefore  reduced  and,  unless  there  is  some 
alteration  in  the  dissociation  constants  of  the  blood,  the  Ch  is 

presiunably  lowered  (5). 

In  vitro  temperature  aflfects  the  dissociation  curve  of  blood 
solely  by  altering  the  solubility  of  CO2  and  concentration  of  H2CO1. 
The  concentration  of  H2CO8  which  produces  a  certain  amount 
of  NaHCOa  at  17°  or  20®C.  produces  the  same  amount  at  40®. 
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The  nutritive  efficiency  of  the  various  known  and  unknown 
constituents  of  milk  has  been  tested  out  repeatedly  on  different 
types  of  experimental  animals,  particulariy  on  the  rat,  usually  by 
adding  milk  or  one  of  its  constituents  to  a  basal  ration  deprived 
in  whole  or  in  part  of  the  substance  in  question,  less  often  by 
using  milk  as  a  basal  ration  and  superimposing  other  substances 
upon  it.  It  is  unnecessary  to  review  ejctensively  the  compen- 
dious literature  on  this  subject  since  recent  papers  on  particular 
phases  contain  abundant  references. 

The  relative  value  of  the  milk  proteins  is  of  a  high  order  (1-3)  although 
under  certain  conditions  lactalbumin,  supposedly  the  most  complete  of  all 
the  milk  proteins,  has  appeared  not  to  be  so  (4,  5).    Milk  sugar,  long 
known  to  possess  desirable  characteristics  not  found  in  the  other  disac- 
charidea,  has  been  shown  to  be  the  carrier  of  water-soluble  vitamine  unless 
carefully  purified  (6,  7)  and  a  complementary  relation  of  lactose  to  lactal- 
bumin  has  been  suggested  (5).    Milk  fat  occupies  its  unique  position  by 
virtue  of  possessing  fat-soluble  vitamine  (S,  9),  whose  nature  and  functions 
in  the  organism  are  still  an  unsolved  problem  (10),  and  whose  origin  and 
distribution  in  nature  continue  to  occupy  the  interest  of  a  number  of  inves- 
tigators.   As  great  a  mystery  surrounds  the  nature  and  function  of  the 
water-soluble  vitamine  of  milk,  first  brought  to  light  in  the  work  of  Hopkins 
(11)  and  used  in  the  form  of  "protein-free  milk"  by  Osborne  and  Mendel 
in  a  long  series  of  investigations.    The  question  as  to  its  identity  with  the 
wa.ter-soluble  vitamine  from  other  sources,  notably  yeast,  was  raised  several 
years  ago  (12,  13)  and  has  been  renewed  in  a  recent  critical  paper  (14) ;  evi- 
dence has  also  been  presented  to  show  that  the  water-soluble  vitamine  of 
nkilk  may  indeed  be  unique  and  different  from  that  present  in  other  food- 
stiiff^  (15).    The  antiscorbutic  value  of  milk  has  been  demonstrated  (16) 
altliough  this  may  sometimes  be  inconsiderable.    The  inorganic  salts  of 
nailic  ^re  successfully  used  as  a  source  of  mineral  requirement  of  the  rat  (17). 
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Incidental  to  and  growing  out  of  the  above  have  been  investigations  as 
to  the  effect  of  heat,  storage,  and  other  factors  on  the  various  constituents, 
notably  the  proteins  (13, 18),  the  fat-soluble  (19-21),  and  antiscorbutic  vita- 
mines  (16,  22).  A  quantitative  measure  of  these  effects  is  necessary  if  we 
are  to  know  the  absolute  requirements  of  the  experimental  animal  and  the 
adequacy  of  milk  to  meet  them;  for  neither  of  these  quantities  is  there  as 
yet  an  absolute  measure,  at  least  not  as  regards  the  vitamines.  Since  it  is 
probable  that  the  amount  of  vitamines  present  in  milk  is  dependent  among 
other  things  on  the  amounts  present  in  the  feed  of  the  animal  giving  the 
milk  (23)  and  this  in  turn  upon  seasonal  variations  (22)  and  stage  of  matur- 
ity of  the  plant  (24),  we  are  obviously  still  far  from  a  definite  answer  to 
these  questions. 

As  the  first  and  sole  nourishment  of  the  young  animal  milk  is 
considered  a  perfect  food  and  certainly  no  other  single  product  of 
animal  or  vegetable  life  used  for  food  so  fully  provides  for  the 
nutritive  needs  of  growing  (and  adult)  animals  as  does  milk. 
Indeed  many  of  these  requirements  were  not  recognized  until 
it  was  discovered  that  the  addition  of  milk  or  of  its  deriva- 
tives could  correct  faulty  diet.  After  a  young  animal  is  weaned 
its  nutritive  demands  are  met  by  a  variety  of  food  materials 
among  which,  except  in  the  case  of  man  and  his  domestic  ani- 
mals, milk  is  not  found.  The  new  foods  to  which  an  animal  is 
introduced  after  weaning  are  generally  characterized  by  a  lower 
protein  content,  a  wider  variety  of  mineral  sources,  and  by  the 
addition  of  a  new  type  of  material,  roughage.  The  interesting 
question  presents  itself  as  to  whether  milk  could  continue  to  be 
an  adequate  food  for  the  whole  span  of  life  or  whether  it  is  lack- 
ing in  some  factor  which  is  necessary  for  the  normal  performance 
of  physiological  function  and  for  the  fulfillment  of  the  normal 
expectancy;  whether  it  possesses  in  too  great  abundance  a  factor 
which  would  prevent  normal  behavior  either  because  of  a  con- 
sequent improper  balance  among  the  ingredients  or  through 
bringing  about  early  cessation  of  function  of  a  gland  or  organ. 
In  the  answer  to  this  question  might  also  be  found  some  indica- 
tion of  the  variation  in  food  requirements  during  the  different 
periods  or  cycles  into  which  the  Ufe  of  an  animal  may  be  divided; 
any  deterioration  which  milk  might  suffer  in  the  process  of  evapo- 
ration or  desiccation,  if  not  made  obvious  during  brief  periods  of 
experimentation,  might  thus  be  brought  to  Ught,  under  prolonged 
scrutiny. 
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Practically  all  our  information  on  milk  concerns  itself  with 
cow's  milk  and  its  derivatives;  excepting  the  experiments  on 
scurvy,  the  animals  whose  behavior  forms  the  basis  of  the  con- 
clusions drawn  are  mostly  rats.  In  her  comprehensive  book  on 
milk  (25)  Lane-Claypon  devotes  several  chapters  to  the  nutritive 
value. of  milk  and  the  data  then  available  from  experiments  on 
various  species  of  animals  with  milks  from  the  same  and  other 
species.  All  these  investigations  were  of  relatively  short  dura- 
tion, in  very  few  of  them  was  milk  the  sole  food,  and  the  con- 
ception of  vitamines,  then  in  its  earliest  infancy,  had  not  yet 
modified  the  entire  aspect  of  nutritive  values.  The  difficulties 
of  such  animal  experimentation  are  also  pointed  out  with  par- 
ticular emphasis  on  the  dissimilarity  of  milks,  the  complete 
absence  of  information  as  to  the  composition  of  milk  of  some 
species,  differences  in  the  condition  of  young  animals  at  birth, 
different  rates  of  growth  in  different  species,  a  varying  rate  of 
growth  in  the  same  species  with  the  consequent  changing  de- 
mands of  the  organism,  and  the  great  factor  of  variability. 

The  present  investigation  of  which  this  is  a  preliminary  report 
was  begun  to  secure  information  on  the  food  value  of  cow's  milk 
and  its  products  from  the  usual  type  of  laboratory  animals, 
several  of  which  have  thus  far  been  under  observation.  This 
paper  includes  only  the  first  findings  obtained  from  rats. 

EXPERIMENTAL. 

Young  rats  from  our  stock  colony  were  placed  on  the  experi- 
mental rations  at  the  time  of  weaning,  two  in  a  cage  and  usually 
mated  from  different  Utters.  Their  average  age  at  this  time  was 
26  days,  and  only,  three  of  the  series  were  as  old  as  35  days. 
Their  average  weight  was  about  30  gm.,  and  a  few  from  small 
litters  weighed  as  much  as  40  or  50  gm.  The  fresh  milk  used 
was  Grade  B  raw  and  was  placed  in  the  cages  each  morning  in 
amounts  as  indicated  by  the  previous  day^s  consumption.  Next 
morning  the  amount  remaining,  if  any,  was  measured  back. 
Usually  this  was  very  little  and  it  was  found  sweet  to  the  smell  as 
often  as  sour,  showing  that  contamination,  while  probably  always 
present,  was  not  extensive.    The  dry  milk  food*  was  renewed 

1  Ambrosia  and  Klim  were  obtained  from  the  Mammala  Corporation 
^tkd  the  Merrell-Soule  Company,  respectively. 
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every  2nd  or  3rd  day,  and  while  scattering  was  common  it  was 
possible  to  secure  a  fair  idea  of  food  consmnption  especially  when 
the  amounts  supplied  closely  approximated  the  requirement. 
Water  was  always  available  in  inverted  tubes.  The  animals 
were  weighed  twice  a  week  until  fairly  grown,  thereafter  weekly. 
In  Charts  1  and  2  are  found  the  growth  curves  of  males  and 
females,  respectively,  on  a  diet  of  fresh  cow's  milk  with  the 
various  additions  that  were  later  made.  It  was  somewhat  sur- 
prising to  find  rats  making  such  satisfactory  initial  growth  on 
cow's  milk  considering  the  differences  in  composition  and  concen- 
tration between  cow's  and  rat's  milk  (26).  The  later  growth, 
however,  was  unsatisfactory  both  in  males  and  females.  Be- 
tween the  50th  and  100th  day  of  life,  especially  in  females,  there 
was  a  decided  retardation  of  growth,  sometimes  a  considerable 
loss  in  weight,  after  which  growth  might  continue  but  at  a  slower 
rate  and  on  a  much  lower  level.  The  animals  on  fresh  milk  failed 
to  reproduce  although  there  was  satisfactory  reproduction  in 
animals  from  the  same  litters  placed  on  stock  rat  food.  The 
records  of  milk  consmnption  are  summarized  in  Tables  I  and  II. 
This  summary  does  not  include  all  the  animals  because  through 
regrouping  and  remating  the  record  of  a  given  pair  was  neces- 
sarily closed.  Only  those  figures  are  given,  therefore,  which 
cover  a  substantially  unbroken  period,  beginning  at  the  time  of 
weaning  when  the  animals  were  placed  on  the  experimental 
ration.  In  general  the  food  consumption  runs  somewhat  parallel 
with  the  rate  of  growth  and  a  comparison  of  the  fresh  and  dry 
milk  figures  shows  that  the  amount  of  liquid  which  had  to  be 
ingested  in  fresh  milk  tended  to  diminish  the  consumption  of 
milk  solids  in  that  form.  Most  of  the  fresh  milk  rats  did  not 
always  consume  milk  to  their  capacity  judging  from  the  larger 
amounts  of  which  they  disposed  in  some  periods.  Perhaps  the 
factors  of  humidity  and  temperature  had  some  effect  but  of 
these  we  have  no  record.  For  the  peculiar  behavior  of  Rats 
3025,  3026,  3015,  and  3016  when  they  were  regrouped  and  mated 
there  seems  no  explanation.  Food  consumption  fell  appreciably 
after  the  mating,  the  rate  of  growth  of  the  females  was  perma- 
nently slower,  and  the  males,  after  a  decline  in  weight  for  several 
weeks,  renewed  their  growth  somewhat  but  on  a  lower  level. 
Of  particular  interest  in  this  connection  are  the  results  recently 
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TABLE  I. 

Food  Intake  of  Rats  on  Fresh  Milk. 

The  food  intake  is  given  in  terms  of  solids  (one-eighth  of  the  volume  of 
milk  consumed)  and  the  figures  represent  the  average  daily  ingestion  of 
two  rats  over  10  day  periods  beginning  at  the  time  of  weaning.  Unless 
otherwise  indicated  the  animals  were  mated. 


Noe. 

•3060, 

3061. 

III 

Nofl. 
3048. 
3049. 

Nos. 

30259, 

30269. 

Nos. 

3015d', 

8016d'. 

Nos. 

30359. 

30419. 

Nos. 
30279, 
30289  .• 

Not. 
3085. 
3086.t 

7.0 

6.3 

5.6 

6.8 

6.4 

6.3 

5.0 

9.4 

8.6 

10.7 

8.1 

10.3 

10.9 

9.3 

9.0 

14.2 

7.4 

11.1 

7.7 

12.6 

13.2 

10.0 

9.0 

17.9 

7.7 

10.0 

8.0 

12.6 

12.9 

8.3 

10.5 

16.9 

8.3 

10.4 

8.4 

• 

13.6 

8.1 

9.8 

16.8 

7.4 

11.3 
13.2 

8.7 
8.2 

14.7 

8.7 
8.2 

9.5 
11.8 

14.4 

Mai 

\ed. 

Nos. 

3025, 

3016. 

Nos. 
3015, 
3026. 

7.4 

10.2 

12.1 

13.0 

6.1 

11.8 

7.7 

10.2 

10.2 

8.0 

13.2 

5.9 

13.4 

6.9 

10.6 

10.5 

13.7 

5.7 

13.0 

7.9 

12.0 

11.7 

13.2 

5.7 

12.7 

7.9 

12.8 

12.2 

12.6 

5.8 

12.0 

8.3 

11.2 

11.4 

13.8 

5.0 

8.2 

8.3 

10.5 

11.0 

14.1 

14.0 

1,0.5 

11.8 

13.3 

14.1 

10.4 

11.3 

10.9 

14.4 

8.8 

11.8 

10.8 

13.5 

9.5 

12.0 

12.5 

13.3 

9.7 

11.1 
12.2 
12.2 

12.3 
11.8 
10.3 

13.5 
15. 3 1 
16.2 

• 

11.6 

10.4 

10.5 

8.8 

9  0 

16.7 
21. 0§ 
24.0 

*  Dry  milk  with  water  to  equal  fresh  milk. 

t  Fresh  milk  concentrated  to  half  its  volume  at  low 

t  One-half  the  amount  of  water. 

§  No  water. 


temperature. 
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reported  by  Sherman  and  his  coworkers  (27).  On  a  bread  and 
milk  ration  in  which  milk  furnished  one-fifth  of  the  total  calories 
young  rats  made  normal  growth  but  the  females  usually  failed 
to  breed  and  no  young  were  raised.  When  ground  whole  wheat 
replaced  white  bread  or  patent  flour  young  were  successfully 
suckled  at  the  cost  of  considerable  loss  in  weight  of  the  mother 
and  grew  at  less  than  normal  rate.  When  the  amount  of  milk 
was  increased  so  as  to  supply  two-flfths  of  the  total  calories  and 
the  rest  by  ground  whole  wheat,  young  were  suckled  without 

TABLE  II. 

Food  Intake  of  Rata  on  Dry  Miik  and  Dry  Milk  Foods. 

The  figures  represent  the  average  daily  ingestion  of  two  rats  over  10 
day  periods  beginning  at  the  time  of  weaning.  The  animals  were  mated 
unless  otherwise  indicated.    Rat  3018  was  alone. 


Xo. 
BOlScT. 

N08. 

3019cr, 
3020d'. 

Nofl. 
3069. 
3073. 

N08. 

3070, 
3074. 

N08. 

8056. 
3057. 

Noa. 

3064c?', 

3066c^. 

Nos. 
3067. 
3071. 

Noe. 
8068. 
3072. 

3.5(?) 

• 

6.6(?) 

7.8 

6.1 

7.7 

• 

9.8 

8.7 

7.7 

4.4 

10.2 

11.9 

8.8 

7.9 

13.5 

13.6 

11.1 

5.9 

11.6 

.  12.8 

9.0 

8.6 

17.4 

16.4 

13.4 

6.1 

15.3 

14.0 

10.2 

10.4 

19.3 

15.4 

14.5 

6.5 

13.8 

14.0 

9.7 

7.7 

15.7 

15.0. 

15.0 

6.9 

14.6 

6.5 

16.8 

18.9 

15.4 

7.6 

18.2 

6.2 

16.4 

18.2 

15.3 

6.4 

20.2 

3.0 

16.5 

19.2 

16.7 

7.5 

11.6 

17.7 

18.7 

19.0 

9.7 

14.9 

18.0 
11.2 

19.4 

undue  loss  of  weight  on  the  part  of  the  mother  and  showed  a  fully 
normal  rate  of  growth.    A   preliminary  inference   from  these 
results  (which  the  authors  did  not  make)  that  a  ration  in  which 
milk  supplied  all  the  cia,lories  would  show  equally  good  or  even 
better  results  is  not  justified  by  the  behavior  of  our  animals,  and 
it  is  evident  that  ground  whole  wheat  supplied  something  which 
<nilk  does  not  contain  in  adequate  amounts  if  at  all.     In  con- 
trast with  these  results  is  the  experiment  of  McCoUum  (28),  in 
^^rhich  a  pig  taken  at  weaning  was  kept  on  a  ration  of  cow's  milk 
r  a  period  of  17  months,  during  which  time  the  animal  grew 
nd  seemed  to  be  properly  nourished.    At  13  months  she  pro- 
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duced  eight  living  and  two  dead  pigs  and  successfully  brought 
the  young  to  an  average  weight  of  17  pounds.  Some  additional 
iron  was  furnished  by  the  drinking  water  and  by  the  rusted  parte 
of  milk  cans. 

In  a  search  for  the  cause  of  the  inadequacy  of  the  fresh  milk 
ration  various  additions  were  made.  Since  milk  is  not  so  rich  in 
water-soluble  vitamine  (29)  as  the  original  experiments  of  Hop- 
kins (11)  seem  to  indicate,  and  inasmuch  as  an  inadequate  amount 
of  this  substance  has  been  shown  to  lead  to  infertility  (30) ,  a 
small  amount  (0.5  cc.)  of  yeast  filtrate  (after  autol3^is)  was  daily 
added  to  the  milk  fed  to  each  of  two  pairs  of  animals  (Nos.  3025, 
3016,  3015,  3026).  Yeast  proteins  were  thus  supplied  in  addition 
to  vitamine.  This  supplement  slightly  increased  the  rate  of 
growth  in  the  males  temporarily,  and  one  of  the  females  (No. 
3026)  became  pregnant.  The  size  of  the  Utter  could  not  be  deter- 
mined since  only  one  (dead)  and  part  of  another  were  found. 
Subsequent  addition  of  0.5  gm.  of  yeast  to  the  daily  ration  of 
this  pair  was  without  permanent  effect.  The  abundant  supply 
of  water-soluble  vitamine  in  wheat  embryo  suggested  its  use  as  a 
supplement  to  milk  and  for  these  preliminary  experiments  the 
wheat  embryo  was  merely  ground  and  ether-extracted  since  the 
fat  is  toxic  for  rats  (10,  31),  and  in  this  powdered  form  1  gm.  per 
day  was  stirred  into  the  milk  supplied  to  Rats  3048  and  3049. 
Aside  from  a  slight  increase  in  food  consumption  and  a  temporary 
improvement  in  the  rate  of  growth  of  the  female  this  addition 
has  thus  far  not  yielded  any  positive  results.  Among  many 
other  procedures  to  be  tried  in  connection  with  the  problem  of 
water-soluble  vitamine  is  the  addition  to  milk  of  further  amounts 
of  the  same  vitamine  that  it  contains,  and  of  preparations  of  the 
vitamine  from  other  som'ces  containing  as  little  as  possible  of 
other  ingredients. 

Since  milk  has  a  low  iron  content,  the  addition  of  proportionate 
amounts  of  a  solution  of  iron  citrate^  was  made  in  several  cases, 
in  Rats  3062  and  3063  from  the  very  beginning.    The  male  mad^ 
an  excellent  growth  record  for  120  days,  losing  thereafter;  th 
female  became  pregnant  and  cast  a  litter  of  six  which  were 
dead  on  the  following  day.    Later  she  cast  another  litter  of  fo 

*  0.5  cc.  of  a  10  per  cent  solution  per  100  cc.  of  milk. 
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which  had  disappeared  by  the  next  day.  The  growth  of  this 
pair  was  by  far  the  best  of  any  on  raw  milk  and  their  milk  con- 
sumption was  generally  somewhat  above  that  of  any  others  on 
raw  milk.  In  certain  of  the  animals  as  indicated  in  the  charts 
additions  of  iron  and  of  iron  in  conjunction  with  yeast  were 
without  effect.  The  addition  bf  sodium  either  as  chloride  or 
citrate*  and  the  supplying  of  casein  fed  separately  were  alike 
ineffective.  The  animals  receiving  a  salt  addition  showed  an 
especially  low  food  intake  and  correspondingly  poor  growth. 

To  throw  further  light  on  whether  the  concentration  of  nutri- 
ents in  milk  was  too  small  to  supply  adequate  food  in  the  volume 
that  a  rat  could  consume^  two  animals,  Nos.  3085  and  3086,  were 
fed  on  fresh  milk  concentrated  to  half  its  volume  by  evaporation 
imder  diminished  pressm-e  below  50°C.  The  male  made  an 
exceptional  growth  but  died  after  a  very  small  loss  in  weight 
from  causes  which  autopsy  did  not  reveal.  The  growth  of  the 
female  was  not  very  different  from  that  of  those  on  ordinary 
milk,  but  although  a  male  that  had  been  on  stock  food  was  later 
mated  with  her  no  pregnancy  resulted  within  26  days.  The  food 
intake  of  these  animals  in  milk  soUds  was  comparable  to  the 
intake  of  dry  milk  in  other  animals. 

The  results  obtained  with  dry  milk  are  shown  in  Chart  3,  and 
some  of  the  food  consumption  records  in  Table  II.     Both  males 
and  females  show  a  much  more  satisfactory  growth  than  on  fresh 
milk,  the  males  being  practically  normal,  the  females  somewhat 
below  normal  after  about  75  days.    None  of  the  curves  shows 
so  pronoimced  a  slowiag  of  growth  at  50  to  100  days  as  do  those 
of  the  animals  on  fresh  milk.    The  short  period  of  decline  in 
weight  of  Rats  3018  and  3019  with  subsequent  partial  recovery 
accompanied  a  decrease  in  food  consumption  which  in  the  case  of 
No.  3019  at  least  can  be  ascribed  to  intestinal  infection,  with 
diarrhea.    This  condition  was  not  observed  with  No.  3018,  and 
No.  3036,  which  was  mated  with  No.  3018  at  that  time,  showed 
xxo  decline  in  weight.    These  growth  results  are  in  partial  agree- 
ment with  earlier  experience.    Lane-Claypon   (32)  found   that 
r-ats  showed  a  slightly  more  rapid  gain  in  weight  on  dry  milk 
t:han  upon  boiled  milk  and  these  in  turn  a  rather  more  rapid  gain 

*  1  cc.  of  a  12.5  per  cent  solution  per  100  cc.  of  milk. 
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than  those  fed  on  raw  milk.  However,  bread  was  a  part  of  the 
ration.  Winfield  (33)  fed  rata  on  dry  milk  exclusively  and 
found  that  growth  in  both  sexes  fell  below  normal  when  one- 
half  to  two-thirds  of  the  adult  weight  was  reached  and  waa  only 
renewed  when  a  mixed  dietary  was  put  in  place  of  dry  milk. 
There  are  no  data  on  reproduction.  The  considerably  better 
growth  performance  of  rats  on  dried  milk  as  compared  with 
fresh  milk  is  primarily  a  result  of  their  getting  more  food.  The 
limitation  which  liquid  milk  placed  on  food  consumption  is  shown 


in  the  food  record  of  Rats  3027  and  3028  (Table  I)  which  were 
fed  dry  milk  moistened  with  seven  times  its  weight  of  water  so 
as  to  approximate  the  composition  of  fresh  milk.  While  their 
food  intake  in  total  solids  was  higher  than  that  of  ftnimfttg  on 
fresh  milk  it  increased  when  the  amount  of  water  was  halved  and 
almost  doubled  when  the  water  was  omitted  entirely.  There 
was  no  reproduction  among  these  rats  on  dry  milk  even  though 
they  were  mated  variously. 

The  retardation  of  growth  between  50  and  100  days  in  females 
on  dr}-  milk,  and  a  similar  behavior  of  both  males  and  females  on 
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fresh  milk,  indicate  the  possibility  of  a  requirement  for  new  as 
well  as  for  additional  food.  Rats  arrive  at  sexual  maturity  at 
about  the  age  of  60  days;  the  thymus  undergoes  atrophy  and  the 
gonads  especially  in  the  female  develop  rapidly  during  the  next 
50  days.  If  we  employ  the  terminology  of  growth  cycles  as 
developed  by  Robertson,  this  age  in  the  rat  falls  in  the  early 
portion  of  the  third  growth  cycle,  the  beginning  of  which  he  has 
found  for  man  (34)  and  for  mice  (35)  to  precede  the  age  of  pu- 
berty. The  transition  from  one  cycle  to  another  he  considers  a 
critical  period  and  in  Ms  own  and  other  investigations  various 
subetances  have  been  shown  to  influence  certain  types  of  growth 
differently.     The  results  of  milk  feeding  in  rats,  especially  in  the 
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female,  suf^est  a  qualitative  as  well  as  a  quantitative  inadequacy 
of  milk  to  meet  the  demands  of  the  third  growth  cycle.  It  is  not 
impossible  that  milk  might  cont&in  substances  inhibitory  to 
growth  in  the  third  cycle. 

Among  the  modifications  of  the  dry  milk  ration  which  it  was 
thought  might  throw  some  li^t  on  the  question  were  those  in- 
vcdving  fat  and  fat-soluble  vitamine.  If  the  latter  had  been 
partially  destroyed,  sufficiently  perhaps  to  affect  reproduction, 
then  the  use  of  skim  milk  powder  to  which  an  equivalent  amount 
of  butter  fat  was  added  should  be  more  satisfactory.  The  ani- 
mals on  this  ration,  Nos.  3068  and  3072,  Chart  4,  did  no  better 
than  others  on  dry  whole  milk,  the  female  especially  making  very 
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poor  growth.  Several  ammals  were  also  placed  on  a  ration  of  dry 
skim  milk  75  per  cent  and  cotton-aeed  oil  25  per  cent.  Three 
males,  Nos.  3057,  3064,  and  3066,  Chart  4,  made  Batisfactory 
growth  for  40  to  50  days,  at  which  point  all  the  curves  "break" 
and  while  two  of  them  continued  to  grow  slowly  they  all  died  in 
80  to  125  days.  The  record  of  the  female,  No.  3056,  Chart  4, 
on  this  ration  is  verj'  poor.  The  content  of  this  ration  in  buttw 
fat  is  about  1  per  cent  and  from  the  figures  of  food  intake  of  the 
two  groups,  Nos.  3064,  3066  and  3056,  3057,  it  is  seen  that  none 
of  the  four  animals  ever  obtained  0.1  gm.  of  butter  fat  per  day, 
an  amount  on  which  Osborne  and  Mendel  have  recently  reported 
(36)  good  growth  and  maintenance  for  about  240  days.     It  is 


^_,' 

-- 

n 

U 

r^ 

^ 

»     / 

1; 

/ 

^ 

»'i, 

"rii^i;.'' 

"/' 

/»/ 

(< 

J 

""■- 

jA 

fU 

<(' 

^ 

:  s* 

•^ 

probable  that  these  four  animals  succumbed  because  of  lack  of 
fat-soluble  \'itamine  although  there  were  never  signs  of  xero- 
phthalmia (37)  and  aside  from  •emaciation  only  roughened  coats. 
On  skim  milk  powder  alone  rats  succumb  quickly  following  little 
or  no  growth  (Kats  3043,  3050,  3051,  Chart  5),  an  effect  which, 
in  the  light  of  our  results,  could  be  ascribed  in  part  at  least  to*a 
deprivation  of  fat  aside  from  a  lack  of  fatr-soluble  vitamine. 

The  effect  of  an  increase  in  the  amount  of  fat  and  fat-soluble 
vitamine  wa^  also  determined  by  feeding  a  ration  containing  dry 
milk  90  per  cent  and  butter  fat  10  per  cent.  The  animals  on  this 
ration,  Nos.  3069  and  3073,  Chart  5,  made  good  growth  for  about 
80  days  and  the  female  cast  a  litter  the  size  of  which  could  nottbe 
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recorded,  since  only  one  (dead)  was  found;  at  autopsy  the  uterua 
ehowed  eight  placental  scars  but  the  mother's  weight  had  Qot 
be^k  affected  bo  far  as  the  weekly  weighings  ehowed.  Both 
curves  broke  after  70  to  90  days  of  this  ration.  Another  animal, 
No.  3037,  Chart  5,  which  had  been  transferred  from  skim  milk 
powder  to  the  same  plus  25  per  cent  of  cotton-seed  oil  with  con- 
tinued very  slow  growth,  was  placed  on  whole  milk  powder  plus 
10  per  cent  butter  fat.  Growth  was  resumed  at  a  normal  rate 
OD  the  lower  level  but  this  animal  died  after  about  100  days 
OD  this  ration. 


Chakt 


A  further  modification  of  the  dry  whole  milk  ration  gave  inter- 
estii^  results.  This  consisted  of  dry  millt  55,  starch  40,  and 
butter  fat  5  per  cent,  and  upon  it  three  rats  (Nos.  3022,  3038, 
and  3(H4,  Chart  6)  made  entirely  satisfactory  growth  over  the 
whole  period  of  the  experiment.  The  curves  of  the  females  do 
not  show  the  marked  break  at  50  to  100  days  which  many  on 
milk  alone  exhibit.  One  of  the  females  cast  two  litters  but  only 
one  of  the  young  animals  was  found.  The  weight  curve  of  the 
other  suggests  a  litter  but  none  was  found.  As  this  ration  con- 
tains only  56  per  cent  of  the  protein,  salts,  and  water-soluble 
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vitamine  of  dry  milk  and  about  70  per  cent  of  its  fat  content,  it 
is  somewhat  analagous  to  the  milk  food^  used  by  Osborne  and 
Mendel  (17)  on  which  they  reported  entirely  normal  growth  and 
reproduction.  However,  in  their  charts*  it  is  seen  that  in  the 
two  animals  discussed  reproduction  did  not  occur  until  relatively 
late,  in  one  at  about  400  darys  of  age,  close  to  menopause,  in  the 
other  at  185  days  of  age,  while  breeding  should  normally  begin  at 
90  to  100  days.  It  is  not  stated  whether  these  animals  were 
mated  throughout  the  period  of  observation.  Without  exception 
the  females  of  our  small  colony  on  stock  food  have  had  their 
first  Utters  when  imder  125  days  of  age  and  the  curve  of  No.  3014, 
Chart  6,  shows  typical  behavior  in  this  respect.  A  food  can 
hardly  be  considered  entirely  successful  when  reproduction  is 
delayed  beyond  the  normal  age  at  which  it  should  begin,  but  it  is 
extremely  interesting  that  animals  are  able  to  reproduce  on  a 
60  per  cent  dry  milk  ration  with  lard  and  starch  when  they  do 
not  do  so  on  dry  milk  alone.  In  contrast  with  our  less  successful 
RnimiilH  on  55  per  cent  milk  powder  with  starch  and  butter  fat 
are  two  others,  Nos.  3058  and  3059,  Chart  6,  which  were  placed 
on  a  ration  of  75  per  cent  dry  milk  and  25  per  cent  lactose.  In 
this  ration  the  proteins,  salts,  fats,  and  vitamines  are  more  abun- 
dant than  in  the  other,  the  principal  difference  being  a  substitu- 
tion of  lactose  for  starch.  But  these  rats  (males)  stopped  grow- 
ing, one  at  112  gm.  the  other  at  143  gm.,  and  this  despite  the  fact 
that  lactose  occupies  a  unique  position  among  carbohydrates, 
while  starch  is  not  beheved  to  carry  any  vitamines  (38)  or  to 
possess  any  peculiar  virtues.  Our  data  are  as  yet  too  limited 
even  to  justify  hypothesis  but  the  results  of  Osborne  and  Mendel 
just  quoted  as  well  as  those  of  Sherman  mentioned  above  point 
in  the  same  direction.  A  tentative  explanation  would  be  that 
milk  possesses  an  inhibitory  agent  for  adolescent  growth  and 
reproduction,  the  effect  of  which  is  partially  obviated  by  dilution 
with  other  foodstuffs  and  that  these  foodstuffs,  in  particular 
starch  (and  lard  was  also  used  by  Osborne  and  Mendel),  provide 
a  requisite  which  milk  does  not  possess.  What  these  substances 
might  be  is  a  matter  of  conjecture,  but  starch  contains  phos- 
phorus in  organic  combination  with  a  carbohydrate  the  nature  of 
which  is  unknown  (39,  40). 

*  Whole  milk  powder  60;  starch  12,  lard  28  per  cent. 
» Osborne  and  Mendel  (17),  p.  320. 
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The  possibility  of  transient  or  permanent  infection  of  the 
lungSy  alimentary  tract,  or  other  organs,  with  a  resultant  sub- 
noimal  efficiency,  is  a  very  real  one  especially  when  the  food  is 
inadequate.  The  susceptibility  of  rats  to  lung  disease  militates 
somewhat  against  their  value  as  a  laboratory  animal,  but  in  our 
experience  the  presence  of  this  infection  is  not  always  evidenced 
by  the  aniiaal's  capacity  for  growth  and  reproduction.  Thus 
Rat  3014  whose  curve  is  shown  in  Chart  6  had  very  bad  lungs, 
which  probably  accoimts  for  her  low  weight,  though  her  repro- 
duction record  is  fairly  satisfactory.  Similar  discrepancies  are 
shown  in  Table  III.  According  to  McCollmn*  rats  on  a  milk 
diet  have  foul  cages,  a  fact  not  entirely  borne  out  by  our  experi- 
ence, perhaps  because  our  animals  were  on  an  exclusively  milk 
diet  from  weaning.  The  cages  of  animals  on  fresh  milk  required 
more  frequent  renewal  than  others  but  except  in  a  few  cases  of 
diarrhea  the  feces  were  well  formed  and  without  abnormal  odor. 

Several  attempts  have  been  made  to  determine  whether  the 
incapacity  for  reproduction  on  milk  rations  resides  in  the  male  or 
the  female,  but  the  introduction  for  limited  periods  of  males  or 
females  from  stock  food  into  cages  with  animals  on  milk  has  not 
given  any  positive  results.  Rat  3033,  Chart  6,  may  be  cited. 
From  stock  food  without  previous  mating  she  was  transferred  at 
the  age  of  125  days  to  a  cage  with  a  male  on  raw  milk.  After  11 
days  she  was  returned  to  a  stock  cage  and  mated.  30  days 
thereafter  she  cast  a  Utter  of  six  which  she  did  not  raise.  Impreg- 
nation had  evidently  not  been  accompUshed  by  the  milk-fed 
male  but  after  her  return  to  the  stock  cage.  A  second  litter 
followed  inunediately  (after  3  weeks)  which  she  raised  success- 
fully, but  the  choice  of  this  animal  for  a  test  was  perhaps  unfor- 
tunate because  of  some  pathological  condition  evidenced  by  her 
subsequent  decline  in  weight.  Her  ovaries  were  found  to  be 
below  normal  in  weight  (Table  III). 

Many  of  the  animals  whose  curves  are  given  have  not  been  con- 
tinued on  experiment  since  it  was  desired  to  examine  them  post 
mortem.  In  Table  III  are  given  the  weights  of  the  sex  glands 
together  with  brief  autopsy  findings.  The  weights  of  the  thymus 
would  also  have  been  very  desirable  but  it  was  not  possible  to 

•  McCoUum  (28),  p.  76. 
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obtain  them  at  this  time.  The  sex  glands  were  dissected  and 
weighed  as  indicated  by  Donaldson  (41),  but  without  using  a  moist 
chamber,  and  the  secretion  of  the  male  gonads  waiS  usually  also 
examined  under  the  microscope.  With  onfe  exception  the  weights 
of  the  testes  were  within  normal  limits;  sperm  were  always  pres- 
ent and  if  the  examination  was  made  immediately  after  the  death 
of  the  animal  they  were  seen  to  be  motile.  The  ovaries,  on  the 
other  hand,  showed  marked  variation  and  with  one  exception 
the  ovary  weights  of  the  animnk  on  milk  rations  were  below 
normal,  even  50  per  cent   and    more.     The  conclusion  seems 


justified,  therefore,  that  an  exclusively  milk  ration  fails  to  supply 
something  which  is  specifically  required  for  reproduction  in  the 
female,  being  at  the  same  time  adequate,  in  so  far  as  sperm  pro- 
duction goes,  for  the  male.  Further  breeding  trials  must  be 
made  to  determine  the  complete  efficiency  of  the  male. 

One  further  series  of  animals  should  be  mentioned.  The 
observations  in  experiments  being  conducted  on  mice  that  an 
addition  of  yeast  to  a  dry  milk  ration  effected  better  reproduction 
than  had  been  secured,  as  well  as  the  partially  successful  result 
of  yeast  filtrate  addition  to  fresh  milk  in  rats  (Chart  2) ,  suggested 
the  addition  of  dry  yeast  to  whole  milk  powder.  Rats  3067 
and  3071,  Chart  7,  to  which  this  was  fed  (1  per  cent  yeast)  are 
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the  only  animals  of  the  milk-fed  series  that  have  thus  far  not  only 
made  satisfactory  growth  themselves  but  also  have  successfully 
raised  young.  Of  the  original  litter  of  eight,  five  (died  (?)  and) 
were  eaten  by  the  parents,  but  the  three  remaining  have  grown 
fairly  well  on  the  same  ration  as  the  composite  curve  indicates. 
There  has  not  been  another  litter  although  the  parents  are  still 
mated.  The  growth  of  other  rats  on  this  ration  is  shown  in 
Chart  7  and  that  of  rats  on  whole  milk  powder  containing  5  per 
cent  yeast  in  Chart  8.  The  performance  of  these  aninmlg  may 
show  whether  yeast  really  supplies  something  unique.  The 
results  are  at  least  interesting  in  comparison  with  those  of  Oe- 


CbabtS. 

IxHme  and  Mendel  (42)  on  four  males  fed  yeast  as  their  sole  source 
^  protein  and  water-soluble  vitamine,  which  grew  normally  but 
>«mained  infertUe. 

A  word  should  be  said  with  reference  to  the  factor  of  variabil- 
ity. Since  all  these  experimental  animals  were  taken  from  wean- 
ing, the  usual  period  during  which  they  are  allowed  to  grow  to  a 
'freight  of  50  or  60  gm.  before  beii^  placed  on  an  experimental 
:tution  is  omitted.  In  this  period  it  ia  possible  to  detect  sub- 
ttonnality  more  readily  than  in  the  earlier  stage  before  weaning. 
"While  we  used  no  aTiiTtmla  that  were  subnormal  it  is  quite  possible 
tor  the  above  reason  that  a  larger  number  of  an! main  will  be 
required  to  establish  these  results  than  would  otherwise  be  neces- 
BBiy.  It  is  safe  to  say  that  variability  is  in  general  too  little 
vooaidered  in  this  type  of  investigation. 
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SUMMARY. 

In  these  preliminary  experiments  young  rats  taken  at  weaning 
were  placed  on  various  rations  consisting  primarily  of  cow's  milk, 
fresh  and  desiccated.  On  fresh  milk  rats  made  good  initial 
growth  but  beginning  between  the  50th  and  100th  day  of  life, 
especially  in  the  females,  there  was  a  decided  retardation.  There 
was  no  reproduction.  The  addition  of  yeast  filtrate  temporarily 
increased  the  rate  of  growth  and  one  female  became  pregnant, 
but  the  litter  was  eaten.  Addition  of  wheat  embryo  also  in- 
creased the  rate  of  growth  with  no  further  effect  thus  far.  When 
milk  was  supplemented  with  iron  citrate  growth  was  much  more 
satisfactory  but  reproduction  was  not  successful.  The  growth 
failure  was  in  part  the  result  of  the  dilute  form  of  the  food,  for  on 
dry  milk  rats  made  much  better  growth  and  their  average  food 
consumption  in  milk  solids  was  considerably  greater  than  that  of 
those  fed  on  fresh  milk.  The  females,  however,  remained  some- 
what below  normal  after  75  days  and  again  there  was  no  repro- 
duction. Neither  substitution  of  dry  skim  milk  to  which  butter 
fat  was  added  equivalent  to  that  in  dry  whole  milk  nor  the  addi- 
tion of  10  per  cent  of  butter  fat  to  dry  whole  milk  was  successful. 

On  a  ration  containing  55  per  cent  of  dry  whole  milk,  40  per 
cent  of  starch,  and  5  per  cent  of  butter  fat,  both  male  and  female 
rats  made  practically  normal  growth,  and  the  females  bore  young 
but  did  not  raise  them.  A  similar  ration  has  been  used  by  other 
investigators  who  secured  not  only  satisfactory  growth  but  .also 
reproduction,  while  other  investigators  have,  like  ourselves,  not 
had  success  with  whole  dry  milk  alone.  Dilution  of  dry  milk 
by  25  per  cent  lactose  resulted  in  poor  growth  and  no  reproduc- 
tion. The  gonads  of  many  of  the  animals  were  weighed;  the 
testes  were  with  one  exception  of  normal  weight  and  contained 
motile  sperm;  the  ovaries  on  the  other  hand  were  much  imder 
normal  weight,  even  50  per  cent  and  more. 

Possibly  milk  is  lacking  both  quantitatively  and  qualitatively 
in  substances  necessary  for  successful  adolescent  growth  and 
reproduction,  especially  in  the  female,  and  it  may  contain  sub- 
stances that  are  inhibitory  to  the  growth  of  an  animal  in  the  third 
or  mature  growth  cycle.  A  ration  containing  dry  milk  and  1  per 
cent  of  yeast  is  the  only  one  on  which  normal  growth  and  par- 
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tially  successful  reproduction  were  obtained,  and  the  growth  of 
rats  on  this  ration  and  on  one  containing  5  per  cent  of  yeast  is 
thus  far  practically  normal.  Whether  yeast  supplies  something 
unique  remains  to  be  seen.  The  factor  of  variability  necessitates 
data  on  a  larger  niunber  of  animals  before  definite  conclusions 
can  be  drawn. 
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The  increasing  use  of  highly  refined  food  products,  in  which 
the  content  of  vitamine  is  low,  makes  correspondingly  great 
the  necessity  of  including,  in  the  diet,  foods  which  are  especially 
rich  in  these  indispensable  factors.    There  is  considerable  evi- 
dence, derived  from  animal  feeding  experiments,  to  show  that 
some  of  the  common  vegetables  are  valuable  as  sources  of  the 
water-soluble  vitamine.    Among  those  that  have  been  found  to 
contain  relatively  large  amounts  of  this  substance  are  cabbage,^*  ^ 
spinach,*  potato,'  navy  bean,*  carrot,*^  and  onion,  turnip,  beet, 
and  tomato.*    But  in  most  of  these  experiments  the  uncooked 
vegetables,  fresh  or  dried,  have  been  used.     It  has  been  found 
that  in  cooking  there  is  a  considerable  loss  of  protein  and  other 
constituents  by  solution  in  the  cooking  water.    The  vitamine 
content  may  also  be  diminished  to  such  an  extent  that  the  cooked 
and  imcooked  vegetables  cannot  be  compared  as  sources  of  this 
substance.    It  is  therefore  desirable  to  obtain  information  con- 
cerning the  effect  of  the  various  processes  of  preparation  on  this 
important  constituent.    In  the  experiments  reported  here  the 
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vitamine  was  determined  in  carrots  and  navy  beans  cooked  by 
methods  commonly  used  in  the  household. 

Quantitative  determinations  of  the  water-soluble  vitamine  in 
foods  have  been  made  either  by  means  of  growth  experiments  on 
animals  or  experiments  for  testing  the  antineuritic  properties,  as 
measiu-ed  by  the  preventive  or  curative  effect.  Most  investiga- 
tors consider  that  the  water-soluble,  growth-promoting  vitamine 
and  the  antineuritic  substance  are  identical.  Results  obtained 
from  both  methods  of  experimentation  have  been  reported  to 
show  the  effect  of  high  temperatures  on  the  water-soluble  vita- 
mine in  food.    These  results,  however,  show  considerable  variance. 

Most  of  the  evidence  agrees  that  the  vitamine  is  not  destroyed 
by  heating  for  considerable  periods  of  time  at  temperatures  of 
100°C.  or  lower.  McCoUum  and  Davis^  found  that  wheat 
embryo,  milk  whey,  and  crude  lactose  from  which  the  vitamine 
was  not  entirely  removed  could  be  heated  for  1  hour  at  15  pounds 
pressure  (120°C.)  without  apparent  loss  of  the  growth-promoting 
property.  McCoUum,  Sinunonds,  and  Pitz*  detected  little,  if 
any,  diminution  when  navy  beans  were  heated  in  a  moist  condi- 
tion at  120°C.  for  li  hours. 

Daniels  and  McClurg^  conclude  from  results  obtained  in  feed- 
ing young  rats  that  cooking  cabbage  and  beans  (navy  and  soy) 
did  not  destroy  the  water-soluble  vitamine  to  any  great  degree. 
They  cooked  the  beans  in  three  ways — in  water  at  lOO^C,  in 
dilute  alkali  at  100°,  and  at  120°  for  15  to  20  minutes.  How- 
ever, the  diets  fed  contained  for  every  100  gm.  of  dry  food  the 
equivalents  of  50  gm.  of  navy  beans,  or  55  gm.  of  soy  beans,  or 
250  gm.  of  fresh  cabbage  which  undoubtedly  supplied  an  excess 
of  the  growth-promoting  vitamine.  McCoUum,  Simmonds,  and 
Pitz^  found  that  25  gm.  of  navy  beans  for  100  gm.  of  dry  food  was 
sufficient  to  supply  this  dietary  essential.  The  vitamine  eon^ 
tent  might  have  been  reduced  to  50  per  cent  of  the  original  value 
and  the  loss  not  detected  in  these  experiments. 

Chick  and  Hume,^  on  the  other  hand,  report  that  heating 
wheat  germ  at  a  mean  temperature  of  113°C.  for  40  minutes 

'  McCollum,  E.  v.,  and  Davis,  M.,  J.  Biol.  Chem.y  1915,  xxiii,  247. 

•  Daniels,  A.  L.,  and  McClurg,  N.  I.,  J.  Biol.  Chern.,  1919,  xxxvii,  201. 

*  Chick,  H.,  and  Hume,  E.  M.,  Proc.  Roy.  Soc.  Loiidon^  Series  JJ,  1917, 
xc,  60. 
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reduced  its  curative  effect,  when  fed  to  polyneuritic  pigeons,  to 
one-half  the  original  amount.  Heating  the  wheat  germ  at  118- 
124^0.  for  2  hours  caused  such  rapid  destruction  that  its  anti- 
neuritic  activity  was  less  than  one-fourth  that  of  the  untreated 
material.  There  was  no  significant  decrease  by  heating  at  100°C. 
for  2  hoiu^.  ' 

Davis^®  finds  that  the  ordinary  pigeon  ration  of  com,  Kaffir 
com,  barley,  and  split  peas  when  heated  for  2^  hours  at  120**C. 
no  longer  protects  against  polyneuritis.  In  fact  the  mixture 
treated  thus  is  used  as  the  beri-beri-producing  ration. 

There  is  a  similar  lack  of  agreement  in  the  evidence  concern- 
ing the  stability  of  the  water-soluble  vitamine  to  alkali.  McCol- 
limi  and  Sinmionds"  report  almost  complete  destruction  when  an 

« 

extract  of  navy  beans  was  made  alkaline  to  0.28  per  cent  with 
sodium  hydroxide  and  heated  under  a  reflux  for  1  hour.  Daniels 
and  McClurg,®  on  the  contrary,  found  no  apparent  loss  when  an 
alkaline  water  extract  of  beans  was  heated  imder  the  same 
conditions.  However,  the  material  used  by  McCoUum  was 
extracted  from  the  beans  with  alcohol,  after  a  preliminaiy  extrac- 
tion with  ether.  There  is  evidence  which  indicates  that  the 
vitamine  exists  naturally  in  some  protective  combination  which 
is  broken  up  by  the  treatment  with  ether  and  extraction  with 
alcohol." 

Osborne,  Wakeman,  and  Ferry^'  digested  brewery  yeast  with 
ten  times  its  weight  of  0.1  n  sodium  hydroxide  solution  for  21^ 
hours  and  then  heated  it  on  the  water  bath  for  2  hours.  After 
this  treatment  it  still  produced  as  prompt  recovery  when  fed  to 
rats  that  had  begun  to  lose  weight  on  a  diet  practically  vitamine- 
free  as  an  equivalent  amount  of  untreated  yeast.  They  con- 
clude that  the  water-soluble  vitamine  is  more  stable  to  alkaU 
than  has  usually  been  supposed.  But  in  this  case  also  the  yeast 
was  not  subjected  to  extraction  with  ether  before  heating  with 
the  alkali. 

J»  Davis,  M.,  J.  Home  Econ.,  1920,  xii,  206. 

"  McCoUum,  E.  V.,  and  Simmonds,  N.,  J.  Biol.  Chetn.,  1918,  xxxiii,  55* 
1*  Williams,  R.  J.,  J,  Biol.  Chem.,  1919,  xxxviii,  4^5. 
"  Osborne,  T.  B.,  Wakeman,  A.  J.,  and  Ferry,  E.  L.,  J.  Biol.  Chem., 
1919,  xxxix,  35. 
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A  much  simpler  and  more  delicate  method  for  the  quantitative 
determination  of  the  water-8oluble  vitamine  has  been  recently 
suggested  by  WiUiams.^^  He  found  that  yeast  cells  require  for 
their  growth  a  substance  which  he  concludes  from  evidence  he 
has  obtained  is  identical  ^th  the  substance  which  in  animal 
nutrition  prevents  polyneuritis.  He  showed  that  the  rate  of 
reproduction  of  a  single  yeast  cell  paralleled,  within  limits,  the 
concentration  of  the  vitamine  which  was  added  to  the  medium 
in  which  the  yeast  was  grown.  Bachmann**  also  found  that 
certain  yeasts  would  not  ferment  unless  some  substance  rich  in 
water-soluble  vitamine  was  added  to  a  medium  containing  inor- 
ganic salts  and  sugar.  She  also  suggested  that  such  yeast  might 
be  used  to  determine  quantitatively  the  amounts  of  vitamine  in 
various  substances. 

Since    there  is  such   apparent    disagreement    in    the    results 
reported  by  different  investigators  as  to  the  effect  on  the  vitamine 
content  of  subjecting  foods  to  ordinary  cooking  processes,  it 
seemed   advisable  to  carr>^  out  experiments    using   the    yeast 
method.     Two  vegetables,  carrots  and  navy  beans,  were  cooked 
by  the  methods  most  commonly  used  and  the  vitamine  in  the 
cooked  vegetable   and   in  the   cooking  water  was  determined 
separately.    Carrots  w^re  cooked  at  lOO^C.  for  30  minutes  and 
canned  at  10  pounds  pressure  for  45  minutes.    For  comparison 
the  vitamine  content  of  the  raw  carrots  was  also  found.     Since 
dried  legumes  require  a  longer  cooking  period  than  other  vege^ 
tallies,   experiments  were  carried  out  with  navy  beans.     The 
beans  were  cooked  bv  three  methods:  in  distilled  w^ater  at  100**C. 
for  IJ  hours,  in  0.5  per  cent  sodium  bicarbonate  solution  for  1 
hour  and  10  minutes,  and  in  distilled  water  at  120°  for  30  minutes. 

EXPERIMENTAL. 

Method  of  Determining  the  Vitamine. — A  quantitative  method 
of  determining  the  amount  of  vitamine  in  a  solution  was  per- 
fected by  Williams^^  and  Swoboda.^^    The  average  growth  at 
single  yeast  cells,  when  different  volumes  of  a  vitamine  solutio 
were  added  to  the  medium  in  which  the  yeast  was  grown,  wa. 

^*  Bachmann,  F.  M.,  J.  Biol.  Chevi.,  1919,  xxxix,  235. 
**  Swoboda,  F.  K.,  unpublished  experiment. 
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found  to  have  a  definite  quantitative  relation  to  the  amount  of 
vitamine  added.  The  best  comparative  results  were  obtained 
when  the  growth  was  coimted  at  the  end  of  18  hours.  When  no 
vitamine  was  added  to  the  medium  an  average  growth  of  four  to 
eight  cells  was  obtained  from  a  single  cell.  Since  this  method 
has  been  given  in  detail  by  Williams^^  and  Swoboda**  it  will  be 
described  only  briefly  here. 

The  mediimi  used  for  the  growth  of  the  yeast  contained  the 
following  substances  dissolved  in  1  Uter  of  redistilled  water. 

20    gm.  of  sucrose  (Kahlbaum). 
3     "      "  (NHJiSO^  (Merck). 
2      "     "  KHjPO^  (Merck). 
1.5  **     "  asparagine  (Kahlbaum). 
0.25"     "  CaCl,  (Central  Scientific). 
0.25"     "  MgSO^  (Baker). 

25  cc.  portions  of  this  solution  were  measured  into  flasks  and 
autoclaved  at  10  pounds  pressure.  After  cooling,  3  and  5  cc. 
quantities  of  the  solution  to  be  tested  were  added  to  the  mediimi 
and  when  necessary  redistilled  water  to  make  up  the  volimie  to 
30  cc.  DupUcate  solutions  were  prepared  in  each  case  and 
blanks  run  for  controls.  Finally  1  cc.  of  a  suspension  of  Fleisch- 
mann's  yeast  in  redistilled  water  was  added  to  each  solution. 
This  suspension  was  made  by  shaking  a  piece  of  yeast  about  the 
size  of  a  small  grain  of  wheat  in  30  cc.  of  water.  Hanging  drops 
were  then  made  from  each  solution  with  a  sterile  pen. 

The  sUdes  were  examined  immediately  to  count  the  single 
cells.  Only  those  drops  which  contained  three  or  less  than  three 
single  cells  were  considered.  The  slides  were  then  put  into  an 
incubator  kept  at  30°C.  A  second  reading  was  made  at  the  end 
of  6  hours  to  verify  the  first,  record  and  to  detect  any  cells  which 
did  not  grow.  Finally  a  count  was  made  of  the  cells  in  each  drop 
at  the  end  of  18  hours. 

Preparation  of  Vitamine  Solution  from  the  Vegetables, — In  using 
the  yeast  method  the  vitamine  must  be  in  solution.  It  was 
necessary  therefore  to  extract  the  vitamine  from  the  vegetable 
quantitatively.    Dixon  and  Atkins'*  found  that  the  plant  juices 

'•  Dixon,  H.  H.,  and  Atkins,  W.  R.  G.,  Sc.  Proc.  Roy.  Dublin  Soc, 
1912-13,  xiii,  422.  Gortner,  R.  A.,  Lawrence,  J.  V.,  and  Harris,  J.  A., 
Biochem.  Bull.,  1916,  v,  139. 
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could  be  removed  from  the  tissue  most  effectively  by  freezing  the 
material  and  then  pressing.  This  method  was  adopted  for 
obtaining  the  juice  from  raw  carrots.  To  make  certain  that 
freezing  has  no  effect  on  the  vitamine  a  yeast  extract  of  known 


TABLE  I. 

Effect  of  Freezing  on  the  Vitamine. 


Before  freezing 
After 


Quantity 
added. 

No.  of 

cells 

growing. 

Maxi- 
mum. 

Mini- 
mum 

Avengr. 

ce. 

3 
3 
3 
3 

20 
18 
14 
20 

170 

ig2 

160 
200 

40 
30 
80 
80 

126 
142 
128 
132 

Average  of 

duplicate 

determi- 

nations. 


134 
130 


TABLE  II. 

Lack  of  Adsorption  of  Vitamine  by  Berkefeld  Filter. 


Quantity 
added. 

No.  of 

cells 

growing. 

Maxi- 
mum. 

Mini- 
mum. 

Average. 

Average  of 
duplicate 
determi- 
nations. 

cc. 

Dilute  solution. 

- 

Unfiltered 

3 

17 

71 

22 

37.7 

3 

21 

60 

23 

33 

35.3 

Filtered 

3 

25 

56 

25 

35 

3 

16 

60 

16 

36 

35.5 

Concentrated  solution. 

Unfiltered 

5 

16 

352 

130 

218 

' 

5 

23 

400 

150 

226 

222 

Filtered 

5 

18 

400 

112 

215 

5 

14 

400 

120 

212 

213 

activity  was  frozen  and  kept  at  —  7®C.  for  2  weeks.  The  results 
given  in  Table  I  show  that  there  was  no  loss  in  activity  caused 
by  this  treatment. 

It  is  also  necessary  that  the  vitaniinc  solution  should  be  sterile 
ftince  other  organisms  introduced  into  the  medium  interfere  with 
the  growth  of  the  yeast.     To  avoid  sterilization  by  heat  the  vita- 
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mine  solutions  prepared  from  the  vegetables  were  run  through  a 
Berkefeld  filter.  Tests  were  made  with  yeast  extracts  of  different 
concentrations  which  had  previously  been  steriUzed  by  autoclav- 
ing  to  find  if  any  of  the  vitamine  was  adsorbed  by  the  filter. 
The  results  given  in  Table  II  show  that  there  was  no  loss  of  the 
active  substance  by  this  treatment. 

Preparation  of  Carrots. — Carrots  were  purchased  from  the 
market  in  the  fall.  They  were  mature  but  fresh  and  still  retained 
some  of  the  green  stems.  In  scraping  off  the  skin,  care  was  taken 
to  remove  as  Uttle  of  the  vegetable  as  possible.  To  obtain  uni- 
form samples  for  the  separate  experiments  the  carrots  were  cut 
lengthwise  into  thirds.  One  third  of  each  carrot  was  then  used 
as  described  below  for  the  determination  of  vitamine  in  raw 
carrots,  another  third  was  cooked  at  100°C.,  and  the  other  por- 
tion was  canned  at  10  pounds  pressure. 

Extraction  of  Juice  from  Uncooked  Carrots. — ^The  carrots  were 
groimd  in  a  meat  chopper,  packed  in  a  metal  cyUnder,  and  frozen 
at  —  7°C.  The  solid  block  of  vegetable  was  then  shaved  to  a  fine 
snow  in  a  KosseP^  hasher.    After  thorough  mixing,  two  portions 

of  this  finely  divided  material  were  inmiediately  weighed  out  for 

• 

determination  of  moisture.  A  third  portion  to  be  used  for  the 
determination  of  vitamine  was  put  into  a  tincture  press  and  the 
juice  expressed.  In  order  to  remove  the  vitamine  from  the 
vegetable  quantitatively,  the  dry  residue  was  covered  with 
water,  allowed  to  stand  15  minutes,  and  again  pressed.  This  was 
repeated  six  times  when  the  extraction-  proved  to  be  complete. 
The  fifth  extract  when  tested  gave  an  average  growth  of  only 
three  cells  per  gram  of  the  original  fresh  carrot.  A  sixth  extrac- 
tion was  made  to  assure  complete  removal  of  the  vitamine. 

The  combined  filtrate  and  washings  from  45.5  gm.  of  carrots 
were  diluted  to  2  Uters,  filtered  through  a  Berkefeld  filter,  and  used 
for  the  determination  of  vitamine.  It  was  necessary  to  dilute 
the  solution  sufficiently  to  keep  the  number  of  yeast  cells  pro- 
duced in  a  single  colony  within  a  range  that  could  be  counted. 
When  the  growth  was  heavy  a  micrometer  disk  was  used  to  aid 
in  counting.  The  colonies  sometimes  grew  in  three  dimensions. 
It  was  necessary  then  to  make  an  estimation  of  the  number  of 
cells. 

"  Kossel,  A.,  Z.  physiol.  Chem.f  1901,  xxxiii,  5. 
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Carrots  Cooked  at  100°C. — A  second  portion  of  the  fresh  carrots 
was  cut  into  f  inch  cubes,  and  200  gm.  were  weighed  out  and 
cooked  in  distilled  water  for  30  minutes.  The  cooking  water 
was  drained  off  and  diluted  to  1  liter.  The  cooked  carrots  were 
mashed  in  a  mortar  and  the  juice  was  obtained  by  pressing  as  in 
the  case  of  the  frozen  carrots.  The  juice  and  washings  from 
the  cooked  carrots  were  diluted  to  6  liters. 

Canned  Carrots. — 326  gm.  of  the  same  lot  of  carrots  were 
diced  and  packed  in  a  pint  jar.  Boiling  water  was  added  to  fill 
the  jar  and  the  vegetable  was  then  subjected  to  10  pounds  pres- 
sure for  45  minutes.  The  water  in  the  can  was  drained  off  and 
diluted  to  3  liters.  The  entire  326  gm.  were  too  bulky  to  handle 
conveniently  in  the  press,  so,  after  mashing  the  vegetable  and 
mixing,  79  gm.  (the  equivalent  of  74  gm.  of  raw  carrots)  were 
weighed  out.  The  juice  from  this  amount  was  expressed  and 
diluted  to  3  Uters. 

Navy  Beans  Cooked  at  100°C. — 30  gm.  of  navy  beans  were 
cooked  in  150  cc.  of  distilled  water  for  IJ  hours.  The  cooking 
water  was  diluted  to  1,200  cc.  It  was  found  more  difficult  to 
remove  the  vitamine  quantitatively  from  the  beans  than  from 
the  carrots.  For  each  extraction  the  bean  pulp  was  covered  with 
water  and  warmed  gently  for  at  least  1  hour  before  pressing. 
Repeating  this  seven  times  finally  extracted  all  the  vitamine. 
The  juice  and  washings  from  the  30  gm.  of  beans  were  diluted 
to  1,200  cc. 

Navy  Beans  Cooked  in  Dilute  Alkali. — 30  gm.  of  navy  beans 
were  cooked  in  120  cc.  of  0.5  per  cent  sodium  bicarbonate  solu- 
tion for  1  hour  and  10  minutes.  The  excess  of  alkali  in  the 
cooking  water  was  neutralized  to  phenolphthalein  with  0.1  n 
phosphoric  acid.  It  took  just  3.4  cc.  of  acid  for  the  entire  1,200 
cc.  of  solution.  The  extract  from  the  beans  cooked  in  the  bicar- 
bonate solution  was  already  acid  to  phenolphthalein.  Most  of 
the  alkali  was  therefore  neutralized  by  the  natural  acids  of  the 
vegetable. 

Navy  Beans  Cooked  at  120°C. — 30  gm.  of  a  new  lot  of  beans 
were  cooked  in  150  cc.  of  distilled  water  under  15  pounds  pres- 
sure for  30  minutes.  These  beans  were  ver>'^  soft  and  consider- 
ably broken.  This  accounts  for  the  fact  that  in  this  case  70 
per  cent  of  the  vitamine  was  found  in  the  cooking  water. 
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For  comparison  30  gm.  of  this  same  lot  of  beans  were  cooked 
at  100*^C.  for  IJ  horn's.  The  cooking  water  and  the  extract  of 
the  vegetable  were  in  each  case  made  up  to  1,200  cc. 

Discussion  of  the  Method, 

It  will  be  seen  by  consulting  the  tables  that  the  maximum  and 
minimum  growth  from  single  cells  in  a  given  experiment  shows 
considerable  variation.  However,  the  majority  of  the  colonies 
were  close  to  the  average  so  that  by  inspection  of  the  results  an 
estimate  could  be  made  that  was  close  to  the  actual  average. 
For  example,  a  slide  in  which  the  maximum  growth  was  96,  the 
minimum  10,  and  the  average  42,  17  out  of  the  26  colonies  had 
from  35  to  50  cells. 

It  is  not  possible  always  to  account  for  the  unusually  high  or 
low  values.  Occasionally  large,  somewhat  transparent  cells 
were  found  which  did  not  grow^  so  vigorously  as  the  smaller  ones. 
When  some  of  the  cells  in  a  drop  died  and  became  disintegrated 
the  growth  of  the  remaining  cells  was  inhibited  to  some  extent. 
There  is  also  the  possibility  of  minute  particles  of  toxic  material 
on  the  cover-slip  which  might  check  the  growth.  Merest  traces 
of  cleaning  solution  left  on  the  cover-slip  had  an  exceedingly 
toxic  effect. 

When  proper  precautions  were  taken,  however,  and  when 
averages  were  made  of  a  large  nimiber  of  colonies,  the  results 
showed  a  definite  quantitative  relation  between  the  amount  of 
vitamine  added  and  the  growth  obtained.  In  the  later  work  two 
sUdes  were  prepared  from  each  solution  making  a  total  of  144 
hanging  drops  for  each  concentration. 

To  illustrate  how  well  the  results  check,  it  was  found  that  when 
3  cc.  of  a  given  vitamine  solution  were  added  to  the  medium  the 
average  growth  from  74  colonies  was  86;  the  average  growth  from 
137  colonies  for  5  cc.  of  the  same  solution  was  136.3.  Subtract- 
ing the  blank  which  was  6.7  cells,  the  ratio  of  79.3  to  129.6  is  3 
to  4.9  instead  of  3  to  5. 

Two  determinations  were  made  on  separate  samples  of  raw 
carrots  and  of  navy  beans  cooked  at  100°C.  The  results  for  the 
carrots  were  516  cells  and  552  cells  respectively,  per  gram  of  the 
fresh  material,  and  for  the  beans  2,034  cells  and  2,116  cells  per 
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gram.  Because  such  concordant  results  can  be  obtained  this 
method  is  of  value  for  quantitative  as  well  as  qualitative  tests. 
Its  use  requires  much  less  time  and  labor  than  do  the  feeding 
experiments  ordinarily  used. 

DISCUSSION. 

The  data  given  in  Tables  III  and  IV  show  that  both  carrots 
and  navy  beans  are  rich  in  water-soluble  vitamine.  The  value 
obtained  for  dry  yeast.  (Fleischmann's,  starch-free)  which  is  verj^ 
high  in  water-soluble  vitamine  is  28,000  cells  per  gram.  Carrots, 
dry  weight,  have  a  value  about  one-sixth  as  great  and  navy 
beans  about  one-twelfth.  Osborne  and  MendeP  found  that  it 
required  about  five  times  as  much  dried  spinach  to  produce 
satisfactory  growth  in  young  rats  as  it  did  of  dried  brewery 
yeast.  Carrots,  then,  compare  favorably  with  spinach  as  a 
source  of  water-soluble  vitamine  since  brewery  yeast  contains 
less  of  this  constituent  than  the  pure  Fleischmann^s  yeast.  These 
results  also  concord  with  those  previously  reported  for  carrots  by 
Sugiura  and  Benedict  and  by  Denton  and  Kohman^  and  for  navy 
beans  by  McCoUum,  Simmonds,  and  Pitz.*  It  also  furnishes 
additional  evidence  as  to  the  identity  of  the  water-soluble  vita- 
mine and  the  yeast  growth-stimulating  substance. 

Cooking  carrots  at  100°C.  for  30  minutes  caused  no  loss  of  the 
water-soluble  vitamine.  In  the  case  of  beans  no  comparison 
was  made  with  the  uncooked  vegetable,  but  it  is  probable  that 
there  is  no  significant  loss  even  in  the  longer  period  of  cooking. 

The  beans  cooked  at  the  higher  temperature,  120°C.  for  30 
minutes,  showed  a  decided  decrease  in  activity,  a  loss  of  40.G 
per  cent.  This  agrees  with  the  results  of  Chick  and  Hume®  and 
of  Davis.^**  There  was  probably  a  maximum  loss  in  this  experi- 
ment. It  would  take  onlv  a  short  time  for  the  entire  mass  to 
become  heated  because  of  the  small  bulk.  The  beans  were 
therefore  subjected  to  the  high  temperature  for  almost  the  full 
period  of  heating.  Then  too,  a  very  large  proportion  of  the 
vitamine,  70  per  cent,  was  in  the  cooking  water  due  to  the  fact 
that  the  beans  were  overcooked  and  somewhat  broken.  The 
vitamine  is  probably  less  stable  in  solution  than  when  it  is 
retained  in  the  vegetable  tissue.  An  extract  of  beans  heated  at 
115°C.  for  10  minutes  showed  a  loss  of  24.4  per  cent  of  the  active 
substances. 


TABLE  III. 


Quantity 
added. 


No.  of 

cells  crow- 

ing. 


Maxi- 
mum. 


Min- 
imum. 


Averace. 


Averace  of 
duplicate 
determi- 
nations. 


No.  of  cells  for  1  gm.  of  original 
material,  corrected  for  blank. 


Fresh 
weight. 


Average. 


Dry  weight 

-  11.32% 

of  fresh 

weight. 


A.  Raw  carrots. 
Extract  from  45.5  gm.  of  fresh  raw  carrots  diluted  to  2  liters. 

oe. 

None. 

u 

3 
3 
5 
5 


31 

17 

3 

7.3 

7.0 

27 

14 

5 

6.6 

26 

96 

10 

41.8 

42.9 

525 

19 

96 

16 

44.1 

26 

101 

20 

62.2 

64.8 

26 

160 

16 

67.4 

508 

516 

4,558 


B.  Cooked  carrots. 
Extract  from  200  gm.  of  cooked  carrots  diluted  to  6  liters. 


None. 

29 

8 

2 

4.6 

« 

39 

7 

2 

3.5 

4.1 

3 

20 

62 

6 

25.5 

3 

13 

59 

12 

29.5 

27.5 

234 

5 

24 

100 

15 

50.7 

50.7 

279 

256 

2,261 

Cooking  water  from  200  gm.  of  carrots  diluted  to  1  liter. 


None 

21 

12 

3 

6.8 

6.8 

3 

26 

330 

126 

175.5 

3 

33 

255 

80 

185.9 

180.5 

289 

5 

23 

600 

125 

249.5 

5 

22 

450 

165 

280.4 

265.0 

258 

273 

2,428 

Total  for  nooko.d  carrotj 

3 

529 

4,689 

C.  Canned  carrots. 
Extract  from  74  gm.  of  canned  carrots  diluted  to  3  liters. 


None. 

32 

12 

3 

7.0 

« 

26 

15 

2 

7.8 

7.4 

3 

21 

76 

8 

36.8 

3 

27 

50 

14 

32.5 

34.6 

367 

5 

18 

95 

30 

51.4 

5 

14 

104 

20 

56.8 

54.1 

378 

373 

3,304 


Water  from  326  gm.  of  canned  carrots  diluted  to  3  liters. 


3 

24 

105 

40 

65.7 

3 

25 

150 

48 

71.6 

68.6 

188 

5 

30 

250 

75 

133.2 

133.2 

233 

210 

1,855 

Total  U 

>r  cannec 

i  carrot 

B 

•       •       •  •  • 

583 

5,159 
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TABLE  IV. 


Quantity  added. 


No.  of 
cells 

grow- 
inc. 


Maxi- 
mum. 


Mini- 
mum. 


Aver^ 
ace. 


Aver- 
age of 
dupli- 
cate de- 
termi- 
nations. 


No.  of  cells  for 
Igm.  of  original 

material,  cor- 
rected for  blank. 


Aver- 


A.  Beans  cooked  at  100°C. 

ce. 

None. 

32 

12 

3 

60 

« 

24 

9 

•    2 

5.6 

5.8 

Extract   from  30  gm.   of 

beans. 

3 

53 

116 

30 

59.1 

3 

24 

100 

32 

55.6 

57.3 

686 

5 

24 

200 

55 

100.7 

5 

29 

190 

45 

99.5 

100.1 

754 

721 

Cooking  water. 

3 

31 

115 

25 

70.8 

3 

42 

138 

40 

74.1 

72.4 

888 

5 

24 

200 

60 

118.5 

5 

41 

200 

50 

122.5 

120.5 

917 

902 

Total 

1,623 

B.  Beans  cooked  at  100°C.  in  0.5  per  cent  NaHCOs  solution. 


None. 

15 

10 

2 

6.6 

a 

39 

13 

2 

5.2 

5.9 

Extract   from  30   gm.    of 

beans. 

3 

38 

108 

13 

49.6 

3 

47 

120 

21 

53.0 

51.3 

605 

5 

27 

160 

32 

95.0 

5 

34 

160 

53 

88.8 

91.9 

688 

64C^ 

Cooking  water. 

3 

51 

84 

10 

43.6 

3 

61 

90 

15 

49.7 

46.6 

542 

5 

24 

112 

40 

70.4 

5 

30 

120 

25 

78.0 

74.2 

546 

545 

Total 

1,191 

Loss,  vet  cent 

37  '^ 
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TABLE  IV—Concluded. 


Quantity  added. 


No.  of 
ceUs 

grow- 
ing. 


Maxi- 
mum. 


Mini- 
mum. 


Aver- 
age. 


Aver- 
age of 
dupli- 
cate de- 
termi- 
nationa. 


No.  of  cells  for 
1  gm.  of  original 

material,  cor* 
rected  for  blank. 


Aver- 
age. 


C.  Beans  cooked  at  lOO^C.    Lot  II. 


ee. 

None. 

20 

18 

2 

6.7 

6.7 

• 

Extract  from  30  gm.   of 

beans. 

3 

23 

150 

28 

86.1 

3 

30 

160 

55 

99.4 

92.7 

1,146 

5 

37 

320 

30 

133.4 

5 

60 

320 

26 

134.8 

134.1 

1,019 

1,062 

Cooking  water. 

3 

30 

140 

36 

74.0 

3 

52 

145 

18 

80.6 

77.3 

941 

5 

27 

250 

22 

125.4 

5 

35 

270 

36 

129.3 

127.3 

964 

952 

Total 

2,034 

D.  Beans  cooked  at  15  lbs.  pressure  for  45  min. 


None. 

42 

16 

2 

6.5 

« 

18 

9 

2 

5.0 

5.7 

Extract  from  30  gm.   of 

beans. 

3 

68 

71 

16 

33.8 

3 

41 

67 

18 

32.8 

33.4 

368 

5 

74 

85 

10 

48.2 

5 

36 

96 

23 

47.2 

47.5 

334 

351 

Cooking  water. 

3 

27 

118 

30 

69.8 

3 

25 

170 

20 

66.0 

67  9 

829 

5 

21 

240 

33 

117.5 

5 

20 

208 

52 

115.1 

116.3 

884 

856 

Total 

1,207 

Loss,  per  cent 

40.6 
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The  canned  carrots  heated  at  115°C.  for  45  minutes  showed  no 
loss  of  vitamine.  The  results  indicate  an  apparent  increase. 
This  is  doubtless  due  to  experimental  error.  The  entire  326  gm. 
was  not  used  for  extracting  the  juice.  A  small  portion,  74  gm.,  was 
weighed  out  after  the  carrots  had  been  mashed  in  the  mortar. 
There  was  a  great  deal  of  juice  and  it  is  possible  that  in  remov- 
ing the  sample  an  excess  of  the  liquid  was  taken.  The  results 
obtained  from  the  one  slide  with  5  cc.  of  cooking  water  give  an 
average  growth  per  gram  of  fresh  vegetable  that  is  24  per  cent 
higher  than  the  average  growth  per  gram  obtained  with  the  3  cc. 
quantities.  Since  the  results  for  the  3  cc.  quantities  check  very 
closely,  they  are  undoubtedly  the  more  accurate.  If  only  these 
averages  are  considered  the  total  growth  per  gram  of  fresh  mate- 
rial is  561  and  for  dry  weight  4,955. 

That  there  should  be  no  destruction  of  vitamine  under  the  con- 
ditions of  this  experiment  is  to  be  expected.  The  carrots  were 
packed  tightly  in  the  can  and  there  was  relatively  little  water 
used,  about  100  cc.  It  takes  considerable  time  for  heat  to  pene- 
trate such  a  mass  so  that  the  vegetable  could  not  have  been  sub- 
jected to  the  high  temperature  for  long.  Less  of  the  vitamine 
was  in  solution  and  it  may  be  that  the  greater  acidity  of  the 
carrots  inhibited  the  destructive  action  of  autoclaving. 

By  cooking  in  0.5  per  cent  sodium  bicarbonate  solution  37.5 
per  cent  of  the  vitamine  of  the  beans  was  lost.  This  concentra- 
tion is  not  more  alkaline  than  is  frequently  used  in  cooking  dried 
legumes.  While  the  destruction  of  vitamine  is  by  no  means 
complete  it  is  still  worth  considering.  It  is  interesting  to  note 
that  both  autoclaving  and  alkalies  seem  to  have  a  destructive 
eflfect  on  the  vitamine,  just  as  m  the  treatment  of  proteins. 

An    important  fact  which  was    also  noted  by  Daniels    and 
McClurg^  is  that  so  large  a  proportion  of  the  vitamine  is  found 
in  the  cooking  water.    This  varies,  of  course,  with  the  amount  of 
water  used.     In  every  case  except  the  canned  carrots  and  auto— 
claved  beans  it  is  about  half  the  total.    With  the  beans  cooked 
at  120°C.,  70  per  cent  of  the  vitamine  was  extracted  in  the 
cooking  water,  and,  with  the  canned  carrots,  36  per  cent  of  the 
total  vitamine  was  present  in  the  water.     This  emphasizes  again 
the  importance  of  utilizing  the  water  in  which  vegetables  are 
cooked. 
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SUMMARY. 

1.  The  yeast  method  used  for  the  quantitative  determination 
of  the  vitamine  content  of  vegetables  has  yielded  good  results 
when  averages  were  taken  of  a  large  number  of  colonies. 

2.  Cooking  carrots  at  100°C.  for  30  minutes  caused  no  reduc- 
tion in  the  vitamine.  Neither  was  there  any  destruction  when 
carrots  were  packed  tightly  in  a  jar  and  heated  at  115°C.  for 
45  minutes. 

3.  CJooking  navy  beans  at  120°C.  for  30  minutes  decreased 
the  vitamine  content  40.6  per  cent.  In  this  case  the  beans  were 
somewhat  overcooked. 

4.  Ck)oking  navy  beans  in  0.5  per  cent  sodium  bicarbonate 
solution  for  1  hour  and  10  minutes  caused  a  loss  of  37.5  per  cent 
of  the  vitamine. 

5.  A  large  proportion  of  the  vitamine,  from  36  per  cent  to  70 
per  cent,  was  present  in  the  cooking  water. 

In  conclusion  I  wish  to  express  to  Professor  F.  C.  Koch  my 
sincere  appreciation  of  his  generosity  in  giving  helpful  sugges- 
tions and  providing  equipment,  and  to  Mr.  F.  K.  Swoboda  for 
inistruction  in  the  use  of  the  yeast  method. 
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Through  the  experiments  reported  in  tliis  paper,  it  was  hoped 
to  determine  the  effect  of  cooking  on  the  water-soluble  B  content 
of  vegetables  and  to  express  that  effect  in  a  definite  quantitative 
way.  Although  this  latter  has  not  been  possible,  some  significant 
results  have  been  reached. 

Cabbage  was  used  for  most  of  the  work,  because  it  is  eaten  both 
raw  and  cooked,  and  because  of  its  conmion  use  among  the  poor, 
where  it  often  furnishes  one  of  their  best  soiu^ces  of  all  three 
vitamines. 

Method. 

The  method  used  was  the  yeast  growth  method  as  developed  by 
Dr.  Roger  J.  Williams  in  the  Laboratory  of  Physiological  Chemis- 
try of  the  University  of  Chicago.  In  brief,  the  method  consists  in 
examining  microscopically  hanging  drops  containing  single  yeast 
cells  in  either  a  control  solution  or  a  solution  containing  also  the 
substance  to  be  tested  for  water-soluble  B.  The  number  of  cells 
into  which  the  single  cells  have  multiplied  in  a  certain  number  of 
hours  indicates  the  presence  or  absence  of  the  vitamines. 

Basal  Solution. — The  basal  solution  or  control  was  the  same 
as  that  used  by  Miller  (1).  The  control  was  made  up  into  por- 
tions of  25  cc.  and  these  were  sterilized  for  10  minutes  at  15 
pounds  pressure.  They  were  then  kept  at  room  temperature  until 
used. 

Sterilization. — The  solutions  to  be  tested  for  water-soluble  B 
were  made  sterile  bv  the  alcohol  with  which  the  vitamine  had  been 
extracted.  That  50  per  cent  alcohol  sterilized  the  solution  was 
proved  in  our  laboratory  since  there  was  no  bacterial  growth  even 
when  the  plates  were  made  from  a  solution  which  had  stood  for  3 

175 


176       Water-Soluble  B  in  Cabbage  and  Onion 

days.  Ordinarily  the  solutions  were  tested  immediately  after 
being  made,  but  if  held  over  for  several  days  they  were  kept  in 
the  refrigerator. 

To  secure  as  nearly  sterile  conditions  as  possible,  the  iBolation 
of  the  yeast  cells,  the  seeding  of  the  yeast,  and  the  making  of  the 
slides  were  performed  in  a  glass  box  which  was  sprayed  every  few 
days  with  alcohol  and  opened  as  little  as  possible  to  allow  work. 

Yeast, — The  yeast  used  was  the  ordinary  bakers'  yeast  (Fleisch- 
mann's).  It  was  procured  from  a  local  store  three  times  a  week 
and  used  on  2  days  only.  Meanwhile  it  was  kept  in  the  refrigera- 
tor.   It  was  imwrapped  only  inside  the  glass  box. 

At  the  time  of  the  experiment,  the  basal  solution,  the  vitamine 
solution,  and  the  yeast  were  taken  to  the  glass  box,  and  the  work 
was  performed  inside  it  as  follows: 

A  tiny  speck  of  yeast  was  removed  with  a  sterile  steel  p)en  and 
suspended  in  a  test-tube  containing  10  cc.  of  sterile  water.  The 
suspension  was  made  imiform  by  blowing  into  it  through  a  sterile 
1  cc.  pipette  attached  to  a  sterile  rubber  tube  containing  a  cotton 
plug.  1  cc.  of  this  yeast  suspension  was  then  added  by  the  pi- 
pette to  the  basal  solution  made  up  to  30  cc,  with  sterile  water  if 
used  as  a  control,  or  with  the  vitamine  solution  and  water  to  the 
same  volume. 

Making  of  Slides, — As  soon  as  the  yeast  was  added  the  solu- 
tion was  gently  shaken,  a  sterile  pen  dipped  into  it,  and  25  very 
minute  drops  were  made  on  a  cover-slip.  These  were  imme- 
diately inverted  on  hollow  slides,  and  sealed  with  vaseUne.  In 
order  to  make  the  drops  adhere  to  the  cover-slips,  the  slips,  after 
being  thoroughly  cleaned  with  cleaning  solution  and  distilled  water, 
had  been  placed  in  a  mixture  of  benzene  and  vaseline  (1  drop  of 
vaseline  to  200  cc.  of  benzene).  They  were  then  wiped  with  a 
sterile  cloth  and  dried  in  the  oven  before  using.  Thus  a  film  was 
left  on  the  slips  so  that  the  drops  adhered.  Two  slides  at  least 
were  made  from  each  solution.  The  drops  were  made  minute  in 
order  that  the  entire  drop  might  be  in  the  field  of  vision  at  one 
time  (with  low  power),  and  also  to  make  it  more  possible  to  secure 
drops  with  only  one  or  two  yeast  cells.  It  was  impossible  to  get 
a  suspension  in  which  this  was  always  true  but  in  almost  every 
slide  there  were  at  least  8  drops  which  contained  the  right  number 
of  cells.    Not  more  than  six  slides  were  made  from  one  suspension. 
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Reading  of  Slides. — ^When  all  the  slides  were  made  they  were 
examined  mider  the  low  power  of  the  microscope,  and  the  con- 
tents of  each  drop  that  contained  one  or  two  cells  recorded  on 
squared  paper,  with  the  relative  position  of  the  cells  noted,  and 
sometimes  the  size  of  the  cells  also.  It  was  often  difficult  to  rec- 
ognize cells  at  this  first  reading  even  when  the  high  power  was 
used.  After  examination  the  slides  were  incubated  at  30°C.  in 
an  electric  oven  for  18  hours. 

They  were  taken  out  after  5  or  6  hours  and  again  examined  as 
a  check  on  the  first  reading.  Sometimes  what  had  seemed  a  single 
cell  at  first  had  grown  into  such  a  large  colony  or  such  an  odd 
shaped  one  that  it  was  considered  to  have  grown  from  a  double 
cell  or  from  the  imion  of  two  single  cells,  and  was  therefore  dis- 
carded. Sometimes  new  cells  or  small  colonies  were  discovered, 
often  near  the  outer  edge  of  the  drop.  Usually  the  single  cells 
had  budded  or  grown  to  groups  of  three  or  foiu*.  Occasionally 
some  showed  no  growth,  and  sometimes  a  bit  of  dirt  had  been 
mistaken  for  a  cell.  Sometimes  the  presence  of  wild  yeast  was 
noted  at  this  point. 

At  the  end  of  18  hours  the  final  record  was  taken.  Here 
much  judgment  was  necessary.  A  single  colony  or  two  colonies 
when  their  sources  could  be  traced  from  the  beginning  gave  no 
difficulty.  But  when  the  colonies  had  broker^  up  into  several  or 
changed  their  position  it  was  hard  to  feel  certain  of  their  soiu^ce. 
After  seeing  two  small  groups  detach  themselves  from  a  large  one, 
float  off  to  another  part  of  the  drop,  and  form  a  new  colony  nor- 
mal in  appearance,  it  was  felt  that  not  much  reliance  could  be  put 
on  the  reading  in  any  one  drop.  Therefore  drops  showing  any 
unusual  appearance  were  discarded.  Sometimes  the  groups  were 
so  large  and  had  grown  so  much  in  depth  that  they  could  not  be 
counted  even  under  the  high  power.  If  they  could  not  be  esti- 
mated within  ten  or  twenty  cells  they  were  discarded.  This  ex- 
tremely large  growth  occurred  more  often  when  the  single  cell  id 
the  b^inning  had  been  very  small,  perhaps  young,  and  therefore 
more  vigorous  in*  growth.  Drops  with  wild  yeast  were  of  course 
discarded  at  this  time. 

In  recording  the  final  results  of  growth  only  the  growing  cells 
were  counted.  Williams  had  recorded  also  the  observed  cells 
which  had  not  grown,  but  the  writer  did  not  feel  sufficiently  sure 
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of  recognizing  cells  to  warrant  doing  this.  Usually  results  of  dupli- 
cate slides  were  averaged  and  conclusions  as  to  growth  drawn 
from  this  joint  record. 

Comparison  with  WiUiams^  Method. — The  above  method  is 
practically  the  same  as  that  of  Williams.  The  chief  differences 
consist  in  the  method  of  sterilization.  Since  the  effect  of  heat  on 
the  vitamine  solution  has  been  the  main  point  in  question,  it  was 
necessary  to  extract  and  sterilize  it  without  heat.  This  was 
accomplished  by  the  use  of  alcohol.  Williams  sterilized  the  mixture 
of  control  and  vitamine  solutions  in  an  autoclave.  By  making 
up  the  control  in  individual  portions,  this  later  sterilization  was 
unnecessary,  and  the  yeast  suspension  could  be  added  directly 
to  the  control  and  solution. 

EXPERIMENTAL. 

Controls. — During  the  entire  series  of  experiments,  three  differ- 
ent mixtures  of  basal  solution  were  used.  These  were  tested  at 
various  times  but  a  control  was  not  rim  with  each  experiment. 
There  were  many  unaccountable  variations  in  the  averages  of 
the  controls.  In  general  the  first  two  lots  averaged  6  to  8,  and  the 
third,  10  to  13.  Sometimes  dupUcate  slides  averaged  exactly  the 
same,  but  more  often  there  was  a  difference  of  2  to  3. ,  The  range 
of  growth  in  the  same  sUde  was  oft^n  about  3  to  12,  but  sometimes 
colonies  ran  as  high  as  25.  In  the  tables  experiments  in  which 
the  first  and  second  controls  were  used  are  combined  since  they 
averaged  about  the  same.  The  third  control  was  used  only  in  the 
experiments  reported  in  Tables  II,  V,  VI,  and  VII. 

Cabbage. 

Small,  firm  cabbages  were  procured  at  a  local  store  and  often 
used  for  several  experiments  extending  over  2  or  3  weeks.  They 
were  kept  in  the  refrigerator  and  whenever  used  a  fresh  cut  was 
made  and  a  portion  cut  from  that,  to  avoid  the  part  which  had 
been  directly  exposed  to  the  air. 

Raw  Cabbage. — A  10  gm.  representative  portion  of  cabbage  was 
used;  that  is,  a  vertical  section  was  cut  so  as  to  include  both  outer 
and  inner  leaves,  the  central  stalk  being  discarded.  It  was  cut 
as  fine  as  possible  and  ground  in  a  mortar  to  a  soft  pulp.     10  cc. 
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of  dilute  alcohol  (50  per  cent)  were  added  in  which  it  stood  for 
16  minutes.  It  was  then  transferred  to  centrifuge  tubes,  another 
10  cc.  portion  of  alcohol  was  added,  and  it  was  centrifuged  for  10 
minutes. 

The  liquid  was  then  decanted  off  and  filtered.  Another  10  cc. 
portion  of  alcohol  was  added  to  the  residue  in  the  centrifuge  tube, 
thoroughly  mixed,  and  again  centrifuged.  This  process  was 
repeated  four  times.  The  residue  was  then  filtered  by  suction 
through  a  Buchner  funnel  until  dry,  and  this  filtrate  added  to  the 
previous  extractions.  Thus  the  vitamine  was  extracted  with  five 
portions  of  alcohol.  To  test  the  completeness  of  this  extraction 
the  residue  on  the  Buchner  fimnel  was  soaked  in  alcohol,  centri- 
fuged twice,  filtered  by  suction,  and  this  extraction  tested  for 
waternsoluble  B.  The  resulting  growth  was  no  larger  than  the 
average  control  showing  that  no  vitamine  was  present;  that  is, 
the  extraction  was  as  complete  as  could  be  made  by  this  method. 
Since  waternsoluble  B  is  more  soluble  in  dilute  alcohol  than  in 
strong  (2),  this  method  should  be  a  fairly  complete  one. 

The  vitamine  solution  was  made  up  to  (usually)  100  cc.  with 
alcohol.  To  a  control  of  25  cc.  was  added  an  amount  of  vitamine 
solution  equivalent  to  0.1  gm.  of  fresh  cabbage  and  the  volume 
made  up  to  30  cc.  The  yeast  suspension  was  then  added  and 
slides  were  made  and  recorded  as  explained  above. 

Table  I  shows  the  growth  in  six  experiments  on  raw  cabbage 
including  portions  from  three  cabbages.  Many  preliminary 
experiments  had  been  made  on  the  raw  cabbage  with  very  similar 
results.  The  growth  from  the  61  cells  reported  here  averages 
23.4,  with  a  median  of  22  and  a  range  from  11  to  80.  The  range 
is  large,  due  to  one  large  colony  (80)  in  Experiment  5.  Without 
that,  it  would  have  been  11  to  38.  In  Experiment  4,  the  cabbage 
used  had  been  in  the  refrigerator  for  several  days  and  was  tough 
^d  harder  to  grind  to  a  pulp,  which  may  have  interfered  with  the 
extraction  of  the  vitamine  and  so  account  for  the  smaller  amount 
of  growth. 

Boiled  Cabbaged — 10  gm.  of  cabbage,  cut  as  above,  were  cooked 

T  30  minutes  in  100  cc.  of  boiling  water  (distilled)  in  an  uncov- 
^i^  beaker.    The  boiling  was  made  rapid  at  the  end  to  evapor- 

*  See  preceding  paper  (Miller,  E.  W.,  /.  Biol,  Chem.y  1920,  xliv,  159) 
**^'»  review  of  the  literature  on  stability  toward  heat  and  alkali. 
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ate  as  much  water  as  possible.  What  little  water  remained  was 
decanted  off,  filtered,  and  to  it  was  added  the  extract  from  the 
cabbage.  This  extract  was  prepared  with  alcohol  similarly  to  the 
raw  cabbage. 

The  second  part  of  Table  I  shows  the  results  of  six  experimente 
with  boiled  cabbage.  The  growth  of  77  cells  averages  26.7  with 
a  median  of  24  and  a  range  of  7  to  60.  The  two  parts  of  E^xpeii- 
ments  1,  2,  and  3  were  performed  at  the  same  time  under  as  like 
conditions  as  possible.    In  Experiments  1  and  2  there  is  almost 

TABLE  I. 

Growth  from  0,1  Gm,  of  Cabbage y  Raw  and  Boiled. 


Raw. 

Boiled. 

Ezperi- 

ment 

No. 

No.  of 

growing 

cells. 

Amount  of  growth. 

No.  of 

srowing 

cells. 

Amount  of  growth. 

Mini- 
mum. 

Maxi- 
mum. 

Me- 
dian 

Aver- 
ase. 

Mini- 
mum. 

Maxi- 
mum. 

Me- 
dian. 

Av«r- 

1 
2 
3 
4 
5 

6 

7 
8 
9 

14 

16 

12 

6 

6 

7 

13 
11 
11 
12 
15 
16 

32 
29 
38 
26 
80 
33 

26.5 

18 

23.5 

16 

31 

26 

24.7 

19.4 
22.8 
17.3 
36.2 
25.1 

12 
18 

13 

11 
10 
13 

16 

7 
8 

20 

7 

12 

40 
37 
30 

48 
55 
60 

25 
18 
17 

38 

25.5 

35 

24.6 
19.8 
16.3 

36.8 
26.6 
34.4 

Total. 

61 

11 

80 

22 

23.4 

77 

7 

60 

24 

26.7 

exact  agreement  between  the  averages  of  the  raw  and  boiled 
cabbage.  This  is  the  more  striking  in  Experiment  1,  for  here  a 
second  extraction  had  been  made  (to  test  the  completeness  of  the 
first,  as  explained  above)  and  a  like  agreement  was  shown,  an 
average  growth  of  9.7  for  the  raw,  and  9.6  for  the  boiled;  that  is, 
approximately  the  same  as  the  control.  Certainly  the  results 
indicate  that  the  vitamine  is  not  in  the  least  destroyed  by  boiling 
for  30  minutes.  Several  preliminary  experiments  had  been  made 
on  steamed  cabbage  with  similar  results. 

Table  II  shows  two  experiments  in  which  portions  were  boiled 
for  30  and  60  minutes,  the  two  parts  of  the  experiment  being  car- 
ried on  at  the  same  time.    The  average  growth  for  the  two  parts 
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of  the  experiments  is  fairly  close,  42.5  for  the  30  minute  cabbage, 
and  44.5  for  the  60  minute.  The  averages  for  the  separate 
eaq)eriments,  however,  are  somewhat  different.  The  range  in  each 
experiment  is  also  large.  (This  30  minute  cabbage  is  not  included 
among  the  experiments  in  Table  I,  because  the  higher  control  was 
used.) 

Boiled  wiih  Add, — In  two  experiments  the  cabbage  was  boiled 
with  about  5  cc.  of  vinegar  added  to  the  100  cc.  of  water.  The 
resulting  growth*  was  very  great.  The  colonies  were  not  only 
larger  than  usual  but  often  were  broken  up  into  several  and  were 

TABLE  II. 

Growth  from  0.1  Gm,  of  Cabbage ^  Boiled  SO  and  60  Min. 


30  min. 

60  min. 

Experi- 
ment 
No. 

No.  of 

growing 

oellfl. 

Amount  of  growth. 

No.  of 

growing 

cells. 

Amount  of  growth . 

Mini- 
mum. 

Maxi- 
mum. 

Me- 
dian. 

Aver- 
age. 

Mini- 
mum. 

Maxi- 
mum. 

Me- 
dian. 

Aver- 
age. 

1 
2 

8 
15 

12 
18 

100 
100 

34 
36 

40 
44 

17 
12 

12 
16 

140 
100 

40 
34 

54 
38 

ToUl. 

23 

12 

100 

36 

42.5 

* 

27 

12 

140 

36 

44.5 

uncountable.  Some  new  colonies  appeared  where  no  cells  were 
recognized  on  the  5  hour  reading.  Certainly  water-soluble  B  is 
not  destroyed  by  boiling  with  acid.  This  is  in  agreement  with 
Williams  (3)  and  with  McCollum  and  Simmonds  (4)  who  find  only 
slight  destruction,  if  any,  with  nitrous  acid  or  hydrochloric  acid. 

Boiled  with  AUcali. — Table  III  shows  the  results  of  three  experi- 
ments in  which  the  10  gm.  portion  of  cabbage  was  boiled  in  100 
cc.  of  water  to  which  0.1  gm.  of  baking  soda  was  added.  The  41 
cells  show  an  average  growth  of  24.1,  a  median  of  21,  and  a  range 
of  8  to  70.  The  actual  growth,  however,  was  much  larger  as  some 
broken  or  uncountable  colonies  were  discarded. 

These  results  with  acid  and  alkali  are  in  agreement  with  Wil- 
liams (3)  who  found  that  "this  material  when  acted  on  by  acid  or 
alkali  is  changed  (presumably  by  hydrolysis)  to  a  form  which 
is  more  immediately  available  for  the  yeast." 
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L088  in  Cooking  Water, — In  this  series  of  six  experiments  10  gm. 
portions  of  cabbage  were  boiled  in  the  usual  way  for  30  minutes. 
The  cooking  water,  however,  was  decanted  off,  mixed  with  alcohol, 
and  tested  separately.  The  vitamine  in  the  drained  cabbage  was 
extracted  in  the  usual  way  and  tested.  In  testing  the  cooking 
water  and  the  cabbage  extract  amounts  equivalent  to  0.1  gm.  of 
raw  cabbage  were  used  as  usual. 

TABI^  III. 

Growth  from  0.1  Gm,  of  CabbagCf  Boiled  vnth  NaHCOi. 


ExDerimcnt  No. 

No.  of  growing 

Amount  of  growth. 

Minimum. 

Maximum. 

Median. 

Avemce. 

1 
2 
3 

10 
15 
16 

10 
8 
9 

70 
42 
30 

16 
25 
21 

31 
25.1 

18.9 

Total 

41 

8 

70 

21 

24.1 

TABLE  IV. 

Growth  from  Cooking  Water  and  Drained  Cabbage, 


Cooking  water. 

Drained  cabbage. 

Experi- 
ment 
No. 

No.  of 

growing 

cells. 

Amount  of  growtb 

1 
I. 

No.  of 

growing 

cells. 

Amount  of  growth. 

Mini- 
mum. 

Maxi- 
mum. 

Me- 
dian. 

Aver- 
age. 

Mini- 
mum. 

Maxi- 
mum. 

Me- 
dian. 

Av©r- 

1 

11 

6 

CO 

22 

28.1 

12 

10 

60 

25.5 

30 

2 

16 

9 

75 

24.5 

28.4 

10 

10 

70 

21.6 

28.6 

3 

9 

10 

42 

20 

23.3 

15 

7 

32 

14 

15.7 

4 

9 

7 

36 

30 

25.4 

9 

8 

24 

18 

18.1 

5 

14 

16 

29 

23 

22.9 

7 

15 

29 

20 

19.7 

6 

3 

28 

40 

29 

32.3 

8 

21 

49 

29 

32.6 

Total . 

62 

6 

75 

24 

26.1 

61 

7 

70 

22 

23.6 

Table  IV  summarizes  the  results  and  shows  that  in  three  of  the 
experiments  the  growth  from  cooking  water  and  from  extract 
from  drained  cabbage  was  practically  identical — half  the  vita- 
mine  in  each.  In  the  other  three,  the  cooking  water  contained 
a  trifle  more  than  half.  Considering  the  sLx  experiments  together, 
the  62  cells  from  the  cooking  water  average  26.1  with  a  median 
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of  24,  and  the  cells  from  the  drained  cabbage  extract  average  23.6, 
with  a  median  of  22.  The  rai^ges  are  very  close,  6  to  75  in  one 
case  and  7  to  70  in  the  other. 

The  combined  growth  from  0.1  gm.  of  drained  cabbage  and  its 
cooking  water  should  equal  the  growth  from  0.1  gm.  of  boiled  cab- 
bage with  the  water  retained  (as  in  Table  I) .  This  is  nearly  true  in 
Experiment  3  in  Table  IV  and  Experiment  9  in  Table  I.  These  two 
portions  of  cabbage  were  cooked  at  the  same  time  and  the  experi- 
ments carried  out  under  as  like  conditions  as  possible.  The  con- 
trol used  with  these  solutions  averaged  about  8.  Allowing  for  this 
control  the  increased  growth  from  the  boiled  cabbage  with  the 
water  retained  was  34.4  —  8  =  26.4  (Table  I,  Experiment  9), 
the  growth  from  the  cooking  water  23.3  —  8  =  15.3,  and  from  the 
corresponding  extract  15.7  —  8  =  7.7  or  a  total  of  23  from  0.1 
gm.  of  cabbage  (Table  IV,  Experiment  3).  These  averages,  26.4 
and  23,  are  fairly  near. 

This  series  of  experiments  shows  that  about  half  the  vitamine 
is  lost  in  the  cooking  water.  In  actual  household  practice  where 
larger  pieces  of  the  vegetable  are  cooked  and  therefore  less  surface  is 
exposed  less  vitamine  would  be  dissolved  out  in  the  cooking  water. 
This  retention  of  more  than  one-half  the  vitamine,  especially  in 
strongly  flavored  vegetables  such  as  cabbages  and  onions  (Table 
VII)  where  the  cooking  water  is  usually  discarded,  is  very  impor- 
tant. As  far  as  can  be  ascertained  this  is  the  first  attempt  to 
discover  the  proportion  of  water-soluble  B  lost  in  the  cooking  water. 

Daniels  and  McClurg  (5)  warn  against  discarding  water  around 
cooked  or  canned  vegetables  because  their  rats  grew  on  the  liquor 
from  cooked  beans.  But  they  were  dealing  with  an  extraction 
rather  than  ordinary  "cooking  water"  since  the  cooked  material 
was  comminuted  by  pressing  through  a  strainer,  the  Uquor  filtered 
oflf,  and  the  beans  were  washed  several  times  with  water.  In  the 
experiments  of  Daniels  and  Byfield  (6),  in  adding  water-soluble  B 
to  the  food  of  artificially  fed  babies  in  order  to  secure  proper  growth 
they  used  both  the  alcoholic  extract  of  carrots,  turnips,  and  celery, 
and  a  soup  made  from  the  same  vegetables.  Since  the  water 
extract  was  nearly  as  effective  as  the  alcoholic  extract  it  shows 
that  much  of  the  vitamine  had  been  extracted. 
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Onions. 

A  few  experiments  were  made  on  onions.  They  were  cut  and 
treated  similarly  to  the  cabbage  and  the  same  amomits  were  used. 

Raw  Onions, — In  two  experiments  on  raw  onions  (Table  V)  the 
average  growth  from  0.1  gm.  of  Silver  Skins  was  35.2,  and  of  Sp>aQ- 
ish  onions  26.1.  Of  course,  this  one  experiment  indicates  little 
as  to  the  relative  value  of  the  two  kinds  but  simply  shows  the 
presence  of  water-soluble  B  in  both. 

TABLE  v. 
Growth  from  0,1  Gm,  of  Raw  Onion, 


Kind. 

No.  of  srowixic 

Amount  of  growth. 

Minimum. 

Maximum. 

Median. 

ATerace. 

Silver  Skins 

20 
16 

20 

15 

55 
50 

35.0 
25.5 

35.2 

Spanish 

26.1 

TABLE  VI. 

Growth  from  0,1  Gm,  of  Boiled  Onion. 


Kind. 


Spanish. 


« 


Total. 


No.  of  crowing 


oxgrc 


11 
4 


15 


Amount  of  growth. 


Minimum. 


11 
16 


11 


Maximum.     Median 


28 
50 


50 


23 
41.5 


25 


21.5 
37.2 


26.7 


Boiled  Onions, — Two  experiments  on  boiled  Spanish  onions 
(Table  VI)  showed  an  average  growth  of  25.7,  as  against  26.1  for 
the  raw  Spanish  onions.  The  heating  had  not  destroyed  the 
vitamine. 

Loss  in  Cooking  Water. — Two  experiments  comparing  the  cook- 
ing water  with  the  extract  from  the  boiled  onion  (Table  VII)  give 
the  same  results  as  cabbage;  namely,  that  only  about  one-half  the 
vitamine  is  lost  in  the  cooking  water. 

No  attempt  should  be  made  here  to  compare  the  vitamine  con- 
tent of  cabbage  and  of  onion.  The  experiments  with  onions  are 
too  few,  and  the  results  in  both  not  sufficiently  consistent.    How- 
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ever,  the  presence  of  waternsoluble  B  in  onions  is  here  shown.  *  This 
is  important  in  view  of  the  apparent  contradiction  (7)  between 
the  work  of  Osborne  and  Mendel  (8)  who  proved  its  presence  by 
the  growth  of  rats,  and  of  McCarrison  (9)  whose  pigeons,  fed  on 
policed  rice,  butter  fat  as  a  source  of  fatnsoluble  A,  and  onions  as 
a  source  of  C,  developed  polyneuritis  even  more  quickly  than  those 
on  a  diet  of  polished  rice  alone.  If  the  antineuritic,  antiberi- 
beri  vitamine  is  not  identical  with  the  growth-promoting  vitamine 
necessary  for  rats,  as  has  not  yet  been  definitely  proved  (10), 
although  generally  so  considered,  these  results  would  show  the 
yeast  growth  vitamine  to  be  identical  with  the  "growth-promot- 
ing'' vitamine. 

TABLE  VII. 

Qrowih  from  Cooking  Water  and  Drained  Onion, 


Cooking  water. 

Drained  onion. 

Ezp6n* 
meat 
No. 

No.ol 

(lowiim 

oells. 

Amount  of  growth. 

No.  of 
growing 
oeUsT 

Amount  of  growth. 

> 

Mini- 
ntun. 

Maxi- 
mum. 

Me- 
dian. 

Aver- 
age. 

Mini- 
mum. 

Maxi- 
mum. 

Me- 
dian. 

Aver- 
age. 

1 
2 

22 
9 

18 
12 

43 
50 

35 
30 

33.1 
29 

14 
15 

18 
12 

52 
40 

35 
25 

31.7 
25.5 

Total. 

31 

12 

50 

30 

31.9 

29 

12 

52 

30 

28.3 

DISCUSSION. 

As  a  strictly  quantitative  test  the  method  has  proved  somewhat 
disappointing.  Although  duplicate  slides  and  dupUcate  experi- 
ments have  sometimes  been  remarkably  consistent  in  range  as 
well  as  in  average  even  here  the  range  within  the  slide  has  been 
large.  Within  the  same  drop  even,  1  cell  may  grow  to  20  and 
another  to  40. 

It  would  seem  that  the  differences  in  growth  of  the  cells  must 
often  be  due  to  a  diiGference  in  the  individual  yeast  cells  themselves. 
Sometimes  they  varied  in  shape  and  appearance  as  has  been  noted. 
Then,  too,  there  may  be  some  diiGference  in  the  yeast  cakes.  Other 
substances  may  be  introduced  with  the  yeast  cells. 

The  possible  errors  in  reading  the  slides  have  already  been 
noted,  and  most  of  them  have  been  recognized  by  Williams. 


186       Water-Soluble  B  in  Cabbage  and  Onion 

Among  other  factors  which  may  have  aflfected  the  results,  in 
spite  of  all  efforts  to  standardize  the  method,  may  be  included: 
variations  in  the  cabbage — different  cabbages,  parts  of  the  same 
cabbage,  changes  due  to  keeping;  variations  in  the  extract,  com- 
pleteness, time  before  using;  influence  of  other  substances  which 
were  probably  extracted  with  the  vitamine,  such  as  mineral  salts, 
nitrogenous  substances,  and  carbohydrates;  variations  in  control; 
and  variations  in  temperature  of  the  glass  box  which  was  some- 
times much  above  room  temperature. 

CONCLUSIONS. 

Although  strictly  quantitative  results  have  not  been  secured  by 
these  experiments  certain  definite  points  have  been  made. 

1.  Water-soluble  B  in  cabbage  is  not  destroyed  by  boiling  for 
30  or  60  minutes. 

2.  It  is  not  destroyed  by  boiling  with  acid  or  alkali. 

3.  It  is  present  in  onions  and  is  not  destroyed  by  boiling. 

4.  Not  more  than  one-half  the  water-soluble  B  is  lost  in  the 
cooking  water  from  cabbage  or  onions  boiled  for  30  minutes. 

I  wish  to  express  my  thanks  to  Dr.  F.  C.  Koch,  Dr.  R.  J.  Wil- 
liams, and  Miss  E.  W.  Miller  for  helpful  suggestions  concerning 
this  method  as  used  in  their  laboratory. 
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CAN  "HOME  GROWN  RATIONS"  SUPPLY  PROTEINS  OF 

ADEQUATE  QUALITY  AND  QUANTITY  FOR 

fflGH  MILK  PRODUCTION?  H  * 

Bt  E.  B.  hart  and  G.  C.  HUMPHREY. 

With  the  Cooperation  op  S.  Lbpkovskt. 

{Prom  the  DepartmerU8'of  AgricidturcU  Chemistry  and  Animal  Husbandry  ^ 

University  of  Wisconsin,  Madison.) 

(Received  for  publication,  August  5,  1920.) 

In  1919^  we  published  results  which  showed  that  it  was  impos- 
sible to  maintain  nitrogen  equihbriimi  in  dairy  cows  of  high 
daily  milk  production  with  a  ration  made  from  a  cereal  grain, 
red  clover  hay,  and  com  silage.  The  protein  content  of  such  a 
ration  was  inadequate  in  quantity  or  quality  for  contiQUOus  high 
production  without  imposing  a  considerable  draft  on  the  cow's 
protein  tissues.  We  showed  that  with  clover  hay  as  the  rough- 
age in  the  above  ration  a  high  milk-producing  cow  would  not  only 
fall  off  in  the  volume  of  milk  secreted  more  rapidly  than  nor- 
mally occurs  with  the  progress  of  lactation,  but  that  she  would 
show  a  negative  nitrogen  balance.  On  the  other  hand  it  was 
shown  that  it  was  possible,  with  cows  of  moderate  milking 
capacity  of  20  to  25  pounds  of  milk  daily  containing  14  per  cent 
of  solids,  but  with  large  feed  consumption,  to  maintain  milk  flow 
as  well  as  nitrogen  equilibrium  over  a  period  of  at  least  4  months 
on  a  ration  made  of  red  clover  hay,  corn  silage,  and  a  cereal  grain. 

We  expressed  the  view  that  there  was  a  possibiUty  that  through 
further  research  a  combination  of  ''home  grown"  materials 
could  be  found  that  would  be  more  effective  with  respect  to 
quantity  or  quality  of  proteins  than  the  ration  used  in  our  earlier 
experiments. 

*  Published  with  the  permission  of  the  Director  of  the  Wisconsin  Agri- 
cultural Experiment  Station. 

*  Hart,  E.  B.,  and  Hiunphrey,  G.  C,  /.  Biol.  Chem.,  1919,  xxxviii,  515. 
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Naturally  the  very  great  prominence  given  to  alfalfa  as  a 
forage  plant  in  all  northern  areas  of  this  country  led  us  to  use  it 
in  substitution  for  red  clover  hay  as  a  possible  material  of  either 
greater  protein  efficiency  or  higher  protein  content.  The  experi- 
ments to  be  described  in  this  paper  are  based  on  the  use  of  alfalfa 
hay,  together  with  com  silage  and  a  cereal  grain  as  the  ration. 
The  grains  used  were  com,  barley,  oats,  or  a  mixture  of  the  three. 
As  in  all  work  of  this  kind,  metabolism  experiments  are  absolutely 
necessary  if  we  are  to  have  positive  knowledge  in  regard  to  the 
intake  and  outgo  of  nitrogen.  Without  such  data  no  definite 
information  of  value  on  the  status  of  nitrogen  metabolism  in  the 
animal  can  be  accimiulated,  especially  when  short  periods  of 
time  are  involved. 

Much  to  our  surprise  we  found  it  possible  not  only  to  maintain 
nitrogen  equilibrium  in  cows  milking  40  to  45  pounds  of  11  per 
cent  milk  daily,  but  to  maintain  that  flow  over  a  period  of  16 
weeks  with  a  ration  made  from  alfalfa  hay,  a  cereal  grain,  and 
com  silage.  The  alfalfa  used  was  not  specially  selected,  but  was 
taken  from  a  car  lot  bought  by  the  University  as  a  conmiercial 
product  and  grown  in  the  West.  It  contained  15.5  per  cent  of 
protein  (N  X  6.25)  which  is  but  0.6  per  cent  higher  than  the 
average  of  250  analyses  of  this  plant  as  given  by  Heniy  and 
Morrison.^ 

It  is  true,  however,  that  most  of  the  materials  used  in  the 
construction  of  this  alfalfa  ration  were  appreciably  higher  in  nitro- 
gen than  the  materials  used  in  our  clover  hay  ration  of  the  pre- 
ceding year;  but  the  main  difference  between  the  two  rations 
was  the  higher  level  of  crude  protein  secured  in  this  ration  and 
made  possible  by  the  use  of  alfalfa.  Data  showing  the  differences 
in  nitrogen  content  of  the  materials  used  in  the  clover  ration  of 
1918-19  and  the  alfalfa  ration  of  1919-20  are  given  in  Table  I. 
With  the  exception  of  corn  silage,  the  data  are  based  on  the  air- 
dried  material. 

From  our  metabolism  data  it  does  not  appear  that  a  imit  of 
nitrogen  absorbed  from  the  clover-silage-cereal  grain  ration  was 
less  productive  of  milk  and  tissue  protein  than  a  imit  of  nitrogen 
absorbed   from   the   alfalfa-silage-cereal   grain   ration.    On  tho 

*  Henry,  W.  A.,  and  Morrison,  F.  B.,  Feeds  and  feeding,  Madison,  15t\^ 
edition,  1916,  640. 
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basis  of  weekly  periods  there  was  approximately  0.45  to  0.64  gm. 
of  nitrogen  elaborated  in  product  per  gm.  of  absorbed  nitrogen 
on  the  clover  ration,  and  0.41  to  0.59  gm.  per  gm.  of  absorbed 
nitrogen  on  the  alfalfa  ration.  These  differences  between  the 
effectiveness  of  the  two  rations  are  too  slight  to  be  given  any 
significance  and  should  not  be  accepted  as  indicating  that  we  had 
a  quality  of  protein  in  the  alfalfa  ration  superior  to  that  of  the 
clover  ration.  The  greater  efficiency  of  the  alfalfa  ration  over 
the  clover  ration  is  probably  to  be  attributed  to  the  higher  plane 
of  protein  intake  made  possible  by  the  higher  nitrogen  content 
of  the  alfalfa  ration.  The  alfalfa  hay  itself  was  mainly  respon- 
sible for  this  higher  nitrogen  level. 


TABLE  I. 

Nitrogen  Content  of  Feeds. 


Material. 


Com  grain. 
Oat  "  . 
Barley "  . 
Clover  hay. 
Alfalfa  "  . 
Com  silage 


Nitrosen. 


2.48 
0.45 


EXPERIMENTAL. 


Our  plan  was  to  use  a  ration  of  com  silage  and  alfalfa  hay  to 
which  ground  com  was  added  in  the  first  period  of  4  weeks, 
groimd  oats  in  the  second  period  of  4  weeks,  ground  barley  in 
the  third  period  of  4  weeks,  and  a  mixture  of  approximately  equal 
parts  of  the  three  grains  in  the  fourth  period  of  4  weeks.  The 
alfalfa  hay  was  cut  before  feeding.  This  was  done  in  an  ordinary 
feed  cutter.  The  grains  were  ground.  Provision  for  a  constant 
energy  intake  with  the  diflferent  rations  was  made  through  the 
use  of  corn-starch.  In  some  cases  the  amount  of  grain  allowed 
was  above,  while  in  other  cases  it  was  below,  the  proportion  of  1 
poimd  of  grain  to  3  pounds  of  milk — a  practical  rule  often  used 
and  recommended  by  animal  husbandry  teachers.    The  animals 
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were  fed  all  that  they  would  consume  but  their  consumption  did 
not  conform  closely  with  the  energy  needs  as  set  forth  in  the 
Armsby  standards.  For  example,  Cow  1  consimied  58  pounds  of 
the  com  ration  which  provided  20  therms.  On  the  basis  of  her 
milk  production  (42  pounds  of  3  per  cent  (fat)  milk  daily)  and  live 
weight  (1,200  pounds)  she  should  have  received  16  therms.  Cow 
2  consimied  50  pounds  of  the  com  grain  ration  or  its  equivalent 
as  dictated  by  appetite.  This  provided  an  intake  of  17.2  therms. 
Her  energy  requirement  as  formulated  by  the  Armsby  standard 
based  on  milk  production  (30  pounds  daily  of  3.5  per  cent  milk) 
and  live  weight  (1,200  pounds)  would  have  been  14.1  therms. 

Our  plan  had  been  to  use  three  animals  for  the  four  periods  of 
4  weeks  each,  but  we  were  not  successful  in  canying  all  of  them 
through  the  entire  time.  We  succeeded  in  our  plan  with  three 
of  the  animals;  but  No.  3  went  off  feed  at  the  end  of  4  weeks  with 
the  necessity  of  providing  a  fourth  animal  for  the  remaining 
three  periods. 

One  of  the  animals  used  was  a  pure  bred  Holstein,  the  other 
three  were  grade  Guernseys.  They  were  fed  and  milked  twice 
daily,  with  quantitative  collection  of  all  excreta.  The  urine  and 
feces  were  analyzed  daily,  while  a  7  day  composite  of  the  milk 
was  collected  for  analysis.  The  composition  of  the  rations  fed 
is  shown  in  Table  II.  Data  are  given  for  50  pounds  of  the  com 
grain  ration  and  its  equivalent  in  protein  and  therms  in  the  case 
of  the  oat,  barley,  and  mixed  grain  rations.  It  should  be  remem- 
bered that  50  pounds  or  its  equivalent  of  any  particular  ration 
was  not  necessarily  fed,  but  that  portion  allowed  which  was 
entirely  consumed. 

A  nutritive  ratio  of  1:7.9  was  made  possible  with  the  materials 
used.  The  cows  differed  in  their  consimiption,  some  eating 
more  than  50  pounds  of  the  ration  while  others  ate  less.  Cow  1, 
a  Holstein,  consumed  58  to  60  pounds  of  the  ration  daily,  while 
Cow  3,  a  smaller  animal  and  producing  less  milk,  consimied  46  to 
48  pounds  of  the  ration.  In  50  pounds  of  this  ration  there  were 
provided  3.44  pounds  of  crude  protein.  From  our  records  of 
nitrogen  metabolism  about  60  per  cent  of  the  nitrogen  was  di- 
gested (absorbed).  This  amounts  to  a  provision  of  2.06  pounds 
of  digestible  crude  protein  with  50  pounds  of  the  ration.  This 
amount  of  protein  was  ample  over  the  period  of  observation  for 
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Cow  2,  producing  daily  30  pounds  of  3.2  per  cent  milk  (fat)  and 
weighing  1,200  pounds.  The  Armsby  standard  would  require 
1.98  pounds  of  digestible  true  protein  daily  for  similar  perform- 
ance and  with  no  provision  for  the  influence  of  the  quality  of 


TABLE  II. 

* 

Compo8ition  of  Ration, 


Weight. 


Total  N. 


Therms. 


Total 
protein. 


Com  grain  ration. 


Silage. . 
Alfalfa. 
Grain.. 
SUrch. 


Total. 


lb.. 

gm. 

30 

62.6 

4.96 

10 

112.6 

3.44 

10 

74.9 

8.88 

50 

250.0 

17.28 

Ibt. 


3.44 


Oat  grain  ration. 


Silage.. 
Alfalfa. 
Grain.. 
Starch. 


Total, 


30 

62.6 

4.96 

10 

112.6 

3.44 

9.7 

74.9 

6.62 

2.2 

2.20 

51.9 

250.0 

17.22 

3.44 


Barley  grain  ration. 


Silage. . 
Alfalfa. 
Grain. . 
Starch. 


Total. 


30 

62.6 

4.96 

10 

112.5 

3.44 

8.7 

74.9 

7.02 

1.8 

1.80 

• 

50.6 

250.0 

17.22 

3.44 


Mixed  grain  ration. 


Silage. . 
Alfalfa. 
Com. . . 
Oats. . . 
Barley. 
Starch. 


Total. 


30 

62.6 

4.96 

10 

112.5 

3.44 

3.3 

' 

3.2[ 

74.9 

i 

7.52 

2.9 

1.3 

1.30 

50.7 

250.0 

' 

17.22 

3.44 
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the  protein.  On  the  basis  of  our  anal3rsis  of  the  materials  used 
and  the  coefficients  of  digestibility  given  in  the  text-books  on 
feeding,  50  pounds  of  our  ration  would  have  provided  2.28  pounds 
of  digestible  crude  protein.  This  is  not  in  very  close  agreement 
with  the  Armsby  standard,  if  the  amount  of  digestible  crude 
protein  supplied  by  our  ration  is  reduced  to  digestible  true  protein; 
in  fact  it  would  fall  considerably  below  the  provision  of  the 
Armsby  standard;  but  there  probably  can  be  no  question  but 
that  the  free  amino  or  simple  peptide  nitrogen  of  the  com  silage 
and  alfalfa  hay  is  of  direct  nutritive  value,  although  it  may  not 
be  precipitated  by  Stutzer's'  reagent  which  is  used  in  differenti- 
ating crude  from  true  protein.  The  Wollf-Lehmann  standard 
would  require  3.3  pounds  of  digestible  crude  protein  for  a  1,000 
pound  cow,  giving  27.5  pounds  of  milk,  while  modified  standards 
suggested  by  Henry  and  Morrison  would  require  2.3  pounds  of 
digestible  crude  protein  for  a  1,000  pound  cow  giving  30  pounds  of 
3.5  per  cent  milk. 

.  In  three  of  the  periods  extra  energy  and  under  practical  con- 
ditions probably  imnecessary  energy  was  provided  in  the  form 
of  corn-starch.  This  was  done  to  make  the  oat,  barley,  and  mixed 
grain  rations  as  high  in  net  energy  as  the  com  grain  ration,  which, 
with  its  corn-meal,  contained  a  higher  therm  value  than  the  other 
rations.  We  set  our  standard  as  the  com  grain-alfalfa-silage 
mixture  in  order  to  get  as  much  protein  into  the  ration  as  possible, 
necessitating  thereby  an  equal  therm  provision  in  all  the  other 
rations.  It  can  be  seen  from  Table  II  that  we  could  have 
omitted  from  the  oat,  barley,  or  mixed  grain  ration  the  added 
energy  in  corn-starch  and  still  have  provided  adequate  therms 
and  protein. 

The  records  of  nitrogen  metabolism  are  shown  in  Tables  III 
to  V.  Positive  nitrogen  balances  were  maintained  with  all  the 
animals.  The  records  for  Cows  1,  3,  and  4  would  indicate  some 
protein  storage.  Cow  2  was  nearer  nitrogen  equilibrium,  al- 
though the  greater  part  of  the  time  she  was  in  a  distinctly 
positive  nitrogen  balance.  All  these  animals  had  been  bred  in 
the  first  2  weeks  of  confinement  to  experimental  conditions  and 
part  of  the  nitrogen  storage  is  to  be  correlated  with  fetus  bmld- 

» Stutzer,  N.,  in  Hart,  E.  B.,  and  Bentley,  W.  H.,  /.  Biol  Chem,,  1916, 
xxii,  477. 
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ing.  The  live  weights  of  these  animals  were  well  maintained, 
although  no  great  importance  is  to  be  attached  to  a  maintenance 
of  live  weight  as  indicating  a  positive  nitrogen  balance,  particularly 
over  a  period  of  3  to  4  months  with  a  cow. 


TABI^  III. 

Record  of  Nitrogen  Balance j  Milk  Produced,  Etc, 


Date. 

Nitrosen. 

Intake. 

Feces. 

Urine. 

Milk. 

Balance. 

Milk  per 
week. 

Com  grain  ratioj 

Q,  Animal  1. 

Dec.    5-11,  1919 

"      12-18.  1919 

"     19-25,  1919 

"     26,  1919-Jan.  1, 
1920 

gm. 

1,910.7 
2,030.7 
2,030.7 

2,030.7 

gm. 

699.0 
719.2 
824.8 

780.4 

gm. 

519.0 
515.6 
493.2 

520.8 

gm. 

554.6 
559.8 
528.3 

576.8 

gm. 

+138.1 
+236  1 

+184.4 

+152.7 

Ibt. 

305 
301 

284 

291 

Oat  grain  ration 

I,  Animal  1. 

2,025.8 

761.5 

492.7 

582.1 

+189.5 

2,025.8 

743.2 

558.6 

568.4 

+155.6 

2,025.8 

733.0 

572.9 

538.3 

+181.6 

2,025.8 

757.6 

592.6 

559.9 

+115.7 

Jan. 

€4 
U 
*4 


i9»0 

^  8... 

9-15. . . 
16-22. . . 
2^-29... 


290 
288 
285 
293 


Barley  grain  ration.  Animal  1. 


Jan.  30-Feb.  5. 

Feb.    6-12 

"     13-19 

20-26 


<i 


2,025.8 

771.6 

562.9 

568.6 

+122.7 

2,025.8 

717.5 

549.7 

562.6 

+196.0 

2,025.8 

836.6 

461.5 

582.6 

+  145.1 

2,025.8 

796.9 

458.1 

561.4 

+209.4 

Feb.  27-Mar.  4. 
Mar.    5-11 

"      12-18 

"      19-25 


Mixed  grain  ration.  Animal  1. 

2,025.8 

798.3 

429.7 

557.9 

+239.9 

2,025.8 

760.0 

465.7 

568.3 

+231.8 

2,025.8 

782.9 

457.5 

559.8 

+225.6 

2,025.8 

800.4 

480.7 

568.2 

+176.5 

303 
292 
288 
290 


294 
294 
287 
290 


The  initial  and  final  Uve  weights  of  these  animals  were  as 
foUows:  No.  1,  1,174  to  1,250;  No.  2,  1,220  to  1,188;  No.  3,  1,017 
to  1,007;  No.  4,  1,117  to  1,108  pounds. 
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The  milk  production,  both  in  composition  and  flow,  wae 
maintained.  It  is  exactly  on  this  point  that  our  data  of 
give  a  final  answer  to  the  question  whether  the  milk  flo^ 
milk  composition  would  have  been  maintained  over  an  i 

TABLE  IV. 

Record  of  Nitrogen  Balance^  Milk  Produced,  Etc. 


Date. 


Nitrocen. 


Intake. 


Feoee. 


Urine. 


Milk. 


Balaaoe. 


Com  grain  ration,  Animal  2. 


Dec.  5-11,  1919. 
12-18,  1919. 
19-25,  1919. 


i< 


« 


it 


26,  1919-Jan.  1, 


1920. 


gm. 

gm. 

gm. 

gm. 

gm. 

1.751.4 

573.0 

607.4 

461.1 

+109.9 

1,751.4 

641.6 

677.7 

445.8 

-13.7 

1,751.4 

620.0 

586.5 

437.1 

+107.8 

1,751.4 

611.0 

705.9 

442.8 

-8.8 

19i0 

Jan.    2-S 

"  9-15. . . 
"  16-22. . . 
"    23-29. . . 


Oat  grain  ration 

I,  Animal  2. 

1,750.0 

619.2 

626.2 

436.2 

+68.4 

1,750.0 

645.7 

648.1 

433.3 

+22.9 

1,750.0 

577.0 

714.9 

402.3 

+55.8 

1,750.0 

752.2 

630.8 

443.9 

-76.9 

Barley  grain  ration.  Animal  2. 


Jan.  30-Feb.  5. 
Feb.   6-12 

"     13-19 

"     20-26 


1,750.0 

676.5 

597.9 

433.4 

+42.2 

1,750.0 

621.8 

583.0 

417.0 

+128.2 

1,750.0 

677.0 

645.2 

416.1 

+11.7 

1,750.0 

622.3 

551.1 

423.6 

+153.0 

Mixed  grain  ration,  Animal  2. 


Feb.  27-Mar.  4. 

Mar.    5-11 

"      12-18 

19-25 


« 


1,750.0 
1,750.0 
1,750.0 
1,750.0 


647.8 
628.8 
680.4 
674.9 


564.6 
598.7 
620.9 
632.7 


416.8 
422.7 
420.1 
419.9 


+120.8 
+99.8 
+28.6 
+22.6 


gestation  period  by  a  ration  providing  no  more  protein  tha 
one  we  used.  We  can  only  answer  the  question  for  a  peri< 
4  months.  Over  that  time  the  volume  of  milk  secreted,  ae 
as  its  composition,  was  well  maintained.     Only  that  shrii 
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in  volume  incideat  to  a  progressive  lactation  was  observed.  The 
composition  o{  the  milk  and  average  daily  production  for  a  single 
Week  in  each  feeding  period  are  given  in  Table  VI.  Charts  1  to 
3  are  added  to  show  the  maintenance  of  nitrogen  equiUbrimn  as 

TABLE  V. 

Record  of  Nitrogen  Balancej  Milk  Productionf  Etc. 


Date. 


Nitrofen. 


Intake. 


Feces. 


Urine. 


Milk. 


Balance. 


Milk  per 
week. 


Com  grain  ration,  Animal  3. 


Dec. 


u 
u 
tt 


5-11,  1919 

12-18,  1919 

19-25,  1919 

26,  1919-Jan.  1, 
1920 


gm. 

gm. 

gm. 

gm. 

gm. 

1,610.7 

612.1 

479.6 

435.8 

+83.2 

1,610.7 

566.4 

444.4 

458.2 

+141.7 

1,610.7 

627.1 

397.3 

448.0 

+138.3 

Off  feed 

I. 

Oat  grain  ration.  Animal  4. 


Jan, 


«c 
c« 


1990 

2-8... 
-  9-15. . . 
16-22. . . 
23-29... 


1,610.0 

605.4 

488.5 

501.5 

+14.6 

1,610.0 

504.0 

462.4 

507.7 

+135.9 

1,610.0 

588.3 

489.2 

463.3 

+69.2 

1,610.0 

591.1 

485.4 

484.0 

+49.6 

Barley  grain  ration,  Animal  4. 


£^Ji.  30-Feb.  5. 
^^-     6-12 

ia-19 

20-26 


<c 


1,610.0 

606.3 

503.3 

493.5 

+6.9 

1,610.0 

528.6 

502.2 

481.1 

+98.1 

1,610.0 

569.7 

453.7 

465.5 

+121.1 

1,610.0 

551.7 

461.3 

459.6 

+137.4 

Mixed  grain  ration.  Animal  4. 


F?^-    27-Mar.  4. 
^J^.     5-11 

12-18 

19-26 


<c 


1,610.0 

563.0 

444.0 

447.4 

+155.6 

1,610.0 

636.4 

420.2 

460.2 

+93.2 

1,610.0 

640.2 

439.7 

458.7 

+71.4 

1,610.0 

630.1 

450.2 

455.9 

+73.8 

178 
180 
170 


217 
217 
195 
212 


211 
201 
188 

188 


189 
194 
194 
192 


^^U  as  the  constancy  in  milk  nitrogen  elaboration  over  the  16 
^^ks  of  observation. 

Ill  our  earlier  paper  reviewing  our  experience  with  clover  hay 
^^  stated  that  *'from  what  we  know  of  the  physiology  of  milk 
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secretion  and  the  relation  of  protein  to  that  function  it  would 
appear  to  be  unprofitable  not  to  supply  protein  in  quantities 
sufficient  to  maintain  nitrogen  equilibrium  in  a  milking  animal." 
We  believe  that  to  be  an  axiom  of  good  dairying,  but  we  must 
also  insist  that  the  set  nutritive  ratio  for  milk  production  is  as 
fallacious,  scientificaUy,  as  the  set  nutritive  ratio  for  growth. 
In  the  light  of  modern  protein  chemistry  our  knowledge  of  the 
protein  requirements  of  dairy  cows  is  in  as  confused  a  state  as 
our  knowledge  of  the  protein  requirements  for  human  nutrition. 


TABLE  VI. 

Composition  of  MUk  and  Average  Daily  Flow  in  a  Selected  Week  of  Each 

Period. 


Total  solids,  per  cent, 

Fat,  per  cent 

Nitrogen,  per  cent — 
Milk  daily,  Ibe 

Total  solids,  per  cent 

Fat,  per  cent 

Nitrogen,  per  cent — 
Milk  daily,  lbs 

Total  solids,  per  cent 

Fat,  per  cent 

Nitrogen,  per  cent. . . 
Milk  daily,  lbs 


• 

Anin 

lall. 

Dec.  18. 

Jan.  16. 

Ftob.  12. 

Ifar.  11. 

11.40 
3.00 
0.41 

43.00 

11.50 
3.00 
0.43 

41.10 

11.40 
3.00 
0.42 

41.70 

11.30 
3.00 
0.43 

42.00 

Animal  2. 

• 

11.40 
3.20 
0.40 

34.50 

11.40 
3.20 
0.40 

30.70 

11.90 
3.60 
0.43 

29.80 

11.70 
3.50 
0.44 

30.10 

Animal  4. 

13.40 
4.40 
0.51 

30.00 

13.65 
4.80 
0.51 

28.70 

14.00 
5.00 
0.52 

27.70 

There  are  advocates  of  high  levels  as  well  as  advocates  of  more 
moderate  levels.  The  guiding  facts  will  only  come  to  light  when 
quaUty  and  quantity  of  protein  are  involved  in  experimental 
inquiry,  through  the  use  of  metabolism  experiments.  In  the 
present  state  of  our  knowledge  a  nutritive  ratio  set  at  a  high 
level  becomes  safe  practically,  and  that  of  course  justifies  its  use 
until  we  have  positive  evidence  that  high  levels  of  protein  are 
injurious  or  unnecessary  with  certain  specific  mixtures. 
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Chart  1.  Aniinal  1,  showing  nitrogeo  balance  and  milk  nitrogen  pro- 
duced. A  positive  nitrogen  balance  as  well  aa  a  constant  amount  of  milk 
ntrogen  was  maintained  for  16  weeks. 
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Chaxt  2.  Animal  2,  showing  nitrogen  balance  and  milk  nitrogen  pro- 
duced. Nitrogen  equilibrium  as  well  as  a  constant  amount  of  milk  nitro- 
gen was  maintained  for  16  weeks. 
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In  the  experimetitfi  reported  here  it  is  evident  that  we  have 
in  a  cereal  grain-corn  al&ge-alfalfa  ration  a  "specific  mixture" 
which  can,  when  the  nitrogen  content  is  comparable  to  the  nitro- 
gen content  of  the  materiaU  used  in  this  work,  maintain  mtn^en 
equilibrium  and  the  milk  flow  of  comparatively  high  producing 
cows  over  a  period  of  at  least  16  weeks.  It  should,  of  course,  be 
determined  whether  such  milk  production  as  here  experienced 
could  be  maintained  over  a  fuU  lactation  period,  with  only  that 
shrinkage  in  flow  incident  to  an  advancing  lactation,  before 
definite  advice  to  dairymen  is  given.  HaeckeH  in  his  lougjtbser- 
vations  on  the  nutrition  of  dairy  cows  found  that  in  the  earlier 
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Chart  3,  Animal  4,  showing  nitrogen  balance  and  milk  nitrogen  pny 
duced.  A  positive  nitrogen  balance  was  maintained,  with  but  a  alight 
decline  in  the  milk  nitrogen  produced  over  a  period  of  12  weeks, 

years  a  low  protein  ration  appeared  as  effective  as  the  higher  one, 
but  toward  the  end  of  3  years  the  low  protein  group  showed 
deficient  vitahty,  apparently  indicating  a  lack  of  protein.  How^ 
ever,  the  nutritive  ratio  used  by  Haecker  was  a  wider  one  than 
used  in  our  experiments.  It  should  also  be  made  perfectly  clear 
that  our  ration  involved  the  use  of  a  cereal  grain  in  addition  to 
com  silage  and  alfalfa  and  was  not  made  up  from  the  two  latter 
materials  alone.  Further,  we  could  observe  no  differences  in  the 
nutritive  efficiency  of  our  rations  whether  the  grains  used  were 
com,  oats,  barley,  or  a  mixture  of  the  three. 

*  Haecker,  T.  L.,  Minnesota  Exp.  Station,  Bull.  71.  1901;  Btdl.  79,  1903; 
Bull.  140,  1914. 
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SUMMABT. 

1.  In  this  paper  are  presented  data  which  show  that  it  is 
possible  to  fiunish  dairy  cows  of  high  milk-producing  capacity 
with  a  protein  level  of  sufficient  magnitude  to  maintain  that 
capacity  for  16  weeks  from  an  alfalfa-corn  silage-cereal  grain 
mixture,  the  latter  being  com,  barley,  oats,  or  a  mixture  of  the 
three. 

2.  Four  cows  were  used  in  this  work.  No.  1  produced  40  to 
45  pounds  of  11.4  per  cent  (solids)  milk  daily  over  a  period  of 
16  weeks,  on  this  ''home  grown"  ration,  maintaining  nitrogen 
equilibrium  as  well  as  a  sustained  milk  flow  and  milk  composi- 
tion. The  other  three  animals  were  not  so  large  producers  as 
No.  1,  but  with  less  ration  maintained  a  positive  nitrogen  balance 
and  sustained  milk  flow  and  milk  composition  over  the  period  of 
observation. 

3.  This  ration  had  a  nutritive  ratio  of  1:7.9  and  provided  less 
digestible  true  protein  than  the  requirements  of  the  Armsby  stand- 
ard. It  provided  somewhat  less  digestible  crude  protein  than  re- 
quired by  the  modified  standards  suggested  by  Henry  and  Morri- 
son. Longer  observations  must  decide  whether  such  a  ration  is 
adequate  for  an  entire  lactation  period  or  for  the  practical  period 
of  bam  feeding,  unsupplemented  by  pasture  grasses. 
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NOTE  ON  THE  PRESERVATION  OF  SPECIMENS 
OF  BLOOD  INTENDED  FOR  BLOOD  SUGAR 

DETERMINATIONS. 

By  W.  DENIS  and  MARTHA  ALDRICH. 
^om  the  Chemical  Laboratory ,  Massachusetts  General  Hospital,  Boston,) 

(Received  for  publication,  July  16,  1020.) 

The  relatively  rapid  decrease  in  the  sugar  content  of  blood, 
^en  when  preserved  at  low  temperatures,  is  too  well  known  to 
f^uire  comment. 

Both  from  the  standpoint  of  the  biochemist  and  of  the  clinical 
Worker  there  is  great  need  of  some  simple  method  whereby  samples 
Of  blood  intended  for  sugar  determinations  might  be  preserved, 
if  necessary  for  several  dayB,  until  some  suitable  time  or  place 
may  be  found  in  which  the  anal3rses  can  be  made.  This  need  is 
particularly  acute  in  hospital  work,  and  we  have,  therefore, 
experimented  with  a  nimiber  of  substances,  which  would  be 
expected,  theoretically  at  least,  to  limit  enzyme  action  and  at 
the  same  time  to  introduce  no  errors  in  the  subsequent  deter- 
mination of  blood  sugar  by  the  revised  method  of  Folin  and  Wu,^ 
the  procedure  used  as  a  routine  in  this  laboratory. 

We  believe  that  we  have  found  a  suitable  preservative  in  for- 
maldehyde, which  we  use  in  the  proportion  of  1  drop  of  com- 
mercial ''formalin"  (containing  40  per  cent  formaldehyde)  to 
5  cc.  of  oxalated  blood.  The  dropper  employed  gives  30 
drops  per  cubic  centimeter.  The  addition  of  a  larger  amount 
of  formaldehyde  (3  drops  to  5  cc.  of  blood)  adds  no  advantage, 
nor  apparently  does  it  introduce  any  error. 

We  are  aware  of  the  fact  that  formaldehyde  is  ordinarily  classed 
88  a  weak  reducing  agent,  and  that  the  advisability  of  its  use  in 
this  connection  may  be  questioned  on  theoretical  grounds.  In 
fact,  we  only  tried  it  after  we  had  exhaiisted  every  other  possi- 
bility.   We  have,  however,  repeatedly  demonstrated  the  fact 

»  Folin,  O.,  and  Wu,  H.,  /.  Biol.  Chem.,  1920,  xli,  367. 
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that  formaldehyde  in  amounts  ten  times  greater  than  used  in 
the  blood  sugar  determinations  produces  no  formation  of  cuprouE 
oxide  in  the  alkaline  copper  tartrate  solution  used  in  the  Folin-Wu 
procedure,  a  fact  probably  due  to  the  extremely  low  degree  ol 
alkalinity  possessed  by  this  reagent. 

The  following  experimental  data  is  cited  in  proof  of  the  above 
statements. 

Blood  No,  12, 


Amount  of  blood  sugar  per  100  cc. 
mg. 

99. 
100. 
100. 
100. 


Amount  of  fornuddehyde. 


iropa 

.  None. 

1 

2 
3 


Blood  No,  16, 


I, 


Amount  of  blood  sugar  per  100  cc. 

Amount  of  formaldehsrde. 

mg. 

iropn 

101. 

None. 

102. 

1 

101. 

2 

101. 

3 

It  will  be  found  that  if  to  2  cc.  of  the  timgstic  acid  filtrate  there 
is  added  1  drop  of  formaldehyde,  and  the  sugar  determination 
is  made  on  this  portion  of  filtrate  in  the  usual  way,  results  will 
be  secured  which  are  identical  with  those  obtained  in  portions 
of  the  same  filtrate  to  which  no  formaldehyde  has  been  added. 

By  means  of  formaldehyde  used  in  the  manner  above  described 
we  have  been  able  to  prevent  glycolysis  in  blood  for  as  long  as 
96  hours  at  temperatures  varying  from  20-33°C.  It  seems  prob- 
able that  this  period  might  be  greatly  extended,  but  as  4  days 
appeared  to  cover  all  ordinary  needs  we  have  not  extended  our 
experiments  to  cover  a  longer  period  of  time. 

We  have  also  made  a  few  observations  to  determine  whether 
the  formaldehyde-containing  filtrate  can  be  used  for  the  deter- 
minations of  the  various  non-protein  blood  constituents,  such 
as  non-protein  nitrogen,  lu'ea,  creatinine,  and  uric  acid.    While 
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TABLE  I. 


^merUal  Results  Showing  the  Effect  of  Fortnaldekyde  in  Preventing 

Glycolysis  in  Non-DiabeHc  Blood. 


^^flkzxaple  No. 

Amount  of  racv  per  100  oc.  of  Uood. 

20  to  00  min. 
after  bleeding. 

After  24  hrs. 

After  80  hrs. 

After  72  hn. 

mg. 

mg. 

mg. 

1110. 

2 

98 

100 

3 

103 

107 

4 

91 

92 

1 

95 

95 

5 

100 

100 

6 

90 

94 

12 

99 

100 

9 

138 

138 

13 

116 

119 

17 

82 

■ 

82 

15 

100 

100 

TABLE  II. 

^^T^errmental  Results  Showing  the  Effect  of  Formaldehyde  in  Preventing 

Glycolysis  in  Diabetic  Blood, 


8«4kiple  No. 

Amount  of  racv  per  100  oo.  of  blood. 

20  to  60  min.  after 
bleeding. 

After  48  hn. 

After  06  hie. 

22 
23 
24 
25 
26 
27 
29 
30 
31 
32 
33 
34 
35 

— — -.-^   37 

mg, 

210 
125 

158 
156 
128    . 
.     196 
232 
188 
146 
143 
174 
154 
202 
121 

1110. 

125 
161 
162 
121 
186 
232 
184 
143 
145 
178 
160 
208 
122 

mg, 
214 

133 
200 
232 
190 
150 
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we  have  been  able  to  obtain  good  results  in  the  determination 
of  these  two  latter  constituents,  the  values  obtained  for  non- 
protein nitrogen  and  for  urea  (determined  by  the  urease  method) 
are  invariably  low. 

The  results  presented  in  Tables  I  and  II  indicate  the  FK>ssi- 
bilities  of  this  method  of  preservation.  The  samples  of  non- 
diabetic  blood  were  taken  in  the  afternoon  soon  after  the  midday 
meal;  all  the  samples  of  diabetic  blood  were  obtained  from  fasting 
subjects.^ 

*  For  the  diabetic  material  we  are  indebted  to  Dr.  Elliott  P.  Joslin. 


AN  APPARATUS  FOR  CONTINUOUS  DIALYSIS  OR 

EXTRACTION.* 

By  HUBERT  MANN. 
(From  the  Chemical  Laboratory,  Montefiore  Home  and  Hospitalf  New  York.) 

(Received  for  publication,  August  19,  1920.) 

The  apparatus  was  constructed  during  the  course  of  some 
work  in  which  it  was  necessary  to  carry  out  dialysis  under  reduced 
pressure. 

The  apparatus  consists  essentially  of  a  flask,  a  condenser,  and  a 
vessel  so  arranged  that  the  system  may  be  evacuated  and  that 
liquid  placed  in  the  apparatus  may  be  caused  to  circulate  by 
means  of  continuous  evaporation  and  condensation.  Substances 
that  will  pass  into  solution  are  extracted  and  concentrated  under 
thermal  and  chemical  conditions  favorable  for  the  preservation 
of  labile  and  easily  decomposed  compounds. 

Fig.  1  is  a  drawing  of  the  apparatus.  The  flask,  F,  is  equipped 
with  a  ground  joint,  «/,  provided  with  a  mercury  cup.  //  is  a 
heating  unit  suitable  for  heating  the  flask,  F.  An  incandescent 
bulb  may  be  used,  s  is  a  stop-cock  attached  to  a  short  tube.  T 
is  a  condenser  tube  and  C  is  the  condenser.  F  is  a  vessel  fitted 
with  a  ground  stopper,  S,  provided  with  a  mercury  cup.  ^  is  a 
bag  of  collodion,  cloth,  or  other  material  suspended  in  the  vessel, 
V.  ^  is  a  narrow  tube  through  which  fluid  in  V  can  flow  back 
into  F. 

The  method  of  operation  is  as  follows: 

1.  The  substance  to  be  extracted  or  dialyzed  is  placed  in  the 
bag.  By  which  is  suspended  in  the  vessel,  V, 

2.  Enough  of  the  desired  solvent  is  introduced  into  the  vessel, 
F,  so  that  it  overflows  through  the  tube,  t,  into  the  flask,  F, 
partly  filling  the  flask. 

•  The  expenses  of  this  work  were  defrayed  from  a  fund  founded  by  the 
late  Dr.  H.  S.  Oppenheimer. 
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3.  The  apparatus  is  then   exhausted   to  the  desired 
through  the  tube  which  is  fitted  with  the  st-op-cock,  8,  and  this 
stop-cock  is  then  closed. 

4.  The  condenser  tube,  T,  is  now  cooled  by  means  of  a  atream 
of  water  circulating  through  the  condenser,  C,  and  the  flask,  F,  is 
wanned  by  the  heating  unit,  H. 

There  results  a  continuous  evaporation  of  the  fluid  in  the  flask, 
F,  and  a  continuous  condensation  of  this  evaporated  fluid  in  the 


Fia.  1. 


condenser  tube,  T.  The  condensed  liquid  flows  into  the  vessel, 
V,  causing  the  level  of  the  fluid  in  F  to  rise  so  that  fluid  flows 
through  the  small  tube,  t,  back  into  the  flask,  F. 

Thus  the  vessel,  V,  is  continuously  receiving  a  supply  of  fresh^ 
distilled  solvent  and  discharging  its  previous  content  into  the 
flask,  F,  in  which  flask  continuous  evaporation  of  fluid  and  con- 
centration of  non-volatile  matter  are  taking  place. 

The  advantages  of  the  apparatus  are: 
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1.  That  a  small  amount  of  solvent  can  be  used  for  the  extrac- 
tion of  a  large  amount  of  material;  that  this  extraction  can  be 
made  as  complete  as  desired;  and  that  the  substances  extracted 
are  at  the  same  time  concentrated. 

2.  That  this  apparatus,  being  operated  at  reduced  pressure, 
is  especially  suitable  for  the  extraction  of  labile  substances  which 
are  destroyed  either  by  oxidation  or  by  high  temperature.  With 
water  as  the  solvent  and  the  apparatus  well  exhausted  it  is  not 
necessar>'  to  warm  the  flask,  F,  more  than  10-15**  above  room 
temperature. 

3.  By  using  a  collodion  bag  or  other  suitable  dialyzing  mem- 
brane it  is  possible  to  extract  and  concentrate  the  diffusible 
substances  in  plant  and  animal  tissues;  as,  for  example,  the  amino- 
acids  of  blood,  muscarin,  and  other  thermolabile  alkaloids  from 
fungi,  and  thus  to  obtain  many  substances  of  pharmacological 
importance. 


AN  ATTEMPT  TOWARD  THE  DETERMINATION  OF  THE 
TOTAL  ALKALINE  RESERVE  OF  THE  BODY. 

Bt  W.  prentice,  H.  O.  LUND,  and  H.  G.  HARBO. 

(From   the   Physiological   Laboratory^    University  of  Minnesota  Medical 

School,  Minneapolis,) 

(Received  for  publication,  August  31,  1920.) 

It  seems  pretty  well  established  that  the  alkaline  reserve  of 
human  blood  plasma  is  about  0.03  n  and  that  of  the  dog  is  about 
the  same  (or  slightly  lower,  especially  if  breathing  is  increased 
by  any  means  when  the  blood  is  drawn).  There  seems  to  be  no 
reliable  direct  method  of  determining  the  alkaline  reserve  of  the 
cells  of  the  body,  but  we  foimd  that  on  injecting  acid  into  the 
blood  stream  the  cells  give  up  alkali  to  the  blood  plasma  for  the 
alkaline  reserve,  lowered  by  injecting  acid,  rose  again  after  the 
acid  was  stopped.  It  seems  probable  that  the  bones  should  be 
included  in  the  alkaline  reserve  of  the  body,  but  since  they  dis- 
solve in  scmry  when  acidosis  is  absent  this  subject  needs  further 
study.  The  object  of  this  study  is  to  determine  the  maximum 
amount  of  acid  that  can  be  injected  into  the  blood  stream  of  a  dog 
without  more  than  neutraUzing  the  alkaline  reserve  of  the  blood 
plasma.  Under  such  conditions  it  was  thought  that  the  alkaline 
reserve  of  the  whole  body  would  be  drawn  upon. 

A  very  large  nimiber  of  experiments  were  made,  but  the  first 
and  second  series  merely  pointed  out  the  difficulties  to  be  met  and 
are  not  given  here.  Pain,  ether,  chloroform,  and  the  initial  stage 
of  morphine  anesthesia  seemed  to  lower  markedly  the  alkaline 
Reserve  of  the  blood  plasma  (by  inducing  increased  limg  ventila- 
tion). Attempts  at  local  anesthesia  were  abandoned.  The  alka- 
line reserve  of  blood  drawn  without  anesthetic  was  about  0.025  n, 
Pv^hich  may  be  a  low  figure  due  to  pain.  Some  dogs  were  kept 
^ve  several  days  during  the  experiment,  but  it  was  found  that 
tidore  acid  could  be  introduced  before  death  the  more  rapidly  it 
^as  introduced,  so  that  in  the  third  series  of  experiments  (the 
^nes  reported  in  this  paper)  the  acid  was  introduced  rapidly. 
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If  we  assume  that  the  acid  injected  into  the  dog  was  equally 
distributed  throughout  the  body  it  is  important  to  know  the 
ratio  of  the  blood  plasma  volimie  to  the  volume  of  the  body. 
Although  the  blood  volimie  varies  as  the  surface  and  not  the  vol- 
imie of  the  body,  our  experiments  were  not  sufficiently  imiform 
to  warrant  accurate  calculations  and  we  merely  assumed  that  the 
specific  gravity  was  unity  and  the  volmne  of  the  blood  was  7.7 
per  cent  of  the  body  weight  and  blood  plasma  volimie  was  64  per 
cent  of  the  blood  volume.  In  other  words,  the  volume  of  the 
body  is  assumed  to  be  about  twenty  times  the  volume  of  the 

TABLE  I. 


Alkaline  reserve  of  plasma. 

Acid  injected. 

No.  of  tinoea  acid 
would  neutntliM 

Before  ether. 

After  ether. 

After  HCl. 

plasma. 

0.023    N 

0.018    N 

0.0005  N 

ce. 
1,200 

10.6 

0.024  " 

0.018  " 

0.000  " 

610 

9.5 

0.024  " 

0.018  " 

0.000  " 

800 

8.5 

0.0236" 

0.016  " 

0.000  " 

740 

6  9 

0.023  " 

0.018  " 

0.000  " 

700 

5.8 

0.024  " 

0.018  " 

0.000  " 

400 

363 

0.026  " 

0.016  " 

0.000  " 

760 

3  33 

0.0266" 

0.0175" 

0.006  " 

300 

3.13 

0.024  " 

0.0165" 

0.0025" 

300 

2.9 

0.0235" 

0.0175" 

o.ooa5" 

477 

2.89 

blood  plasma,  and  if  the  alkaUne  reserve  of  the  whole  body  is 
the  same  as  that  of  the  blood  plasma  and  free  diffusion  takes 
place  it  would  require  twenty  times  as  much  acid  to  neutralize 
the  alkaline  reserve  of  the  blood  plasma  in  vivo  as  is  required  to 
do  it  in  vitro.  The  largest  amount  of  acid  injected  was  10.6 
times  the  amoimt  required  to  neutralize  the  alkaline  reserve  of 
the  blood  plasma  in  vUro,  and  this  amoimt  reduced  the  alkaline 
reserve  in  vivo  to  0.005  n.  The  experiments  are  given  in  Table  I. 
The  dog  was  induced  to  lie  quietly,  a  sample  of  blood  was 
taken  from  a  vein  in  his  leg,  and  the  alkaline  reserve  of  the  plasma 
determined.  Ether  was  administered  and  a  cannula  inserted  in 
the  external  jugular  vein  to  allow  the  acid  when  introduced  to 
flow  in  the  direction  of  the  blood  stream.    Another  cannula  was 
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placed  in  the  same  vein  at  a  higher  level  and  pointed  so  that 
blood  could  be  drawn  through  it,  and  a  sample  taken  for  alkaline 
reserve.  The  acid  was  0.1  n  HCl  in  1  per  cent  NaCl  and  it  was 
wanned  to  body  temperature  and  passed  into  the  vein  through 
the  first  cannula  from  a  burette  at  a  uniform  rate.  When  signs 
of  coma  appeared  and  the  heart  action  became  very  weak,  the 
flow  of  acid  was  stopped  and  a  third  sample  of  blood  taken  from 
the  vein.  We  did  not  take  intermediate  samples  in  the  first  and 
second  series  of  experiments  because  we  found  that  the  alkaline 
reserve  could  not  be  reduced  to  zero  without  rapid  death  and  that 
there  was  no  danger  of  producing  a  negative  alkaline  reserve. 
The  alkaline  reserve  was  determined  by  the  titration  method 
of  Van  Slyke,  Stillman,  and  CuUen.^  Enough  25  per  cent  solu- 
tion of  potassium  oxalate  was  allowed  to  dry  in  the  collecting 
tube  to  make  0.2  per  cent  of  dry  oxalate  in  the  blood.  The 
blood  was  drawn  rapidly  and  the  tube  closed  and  centrifuged. 
1  cc.  of  plasma  was  introduced  into  a  120  cc.  Erlenmeyer  flask  with 
20  cc.  of  H2O,  4  cc.  of  0.01  N  HCl,  and  0.03  cc.  of  a  0.04  per 
cent  solution  of  phenolsulfonephthalein.  The  flask  was  rotated 
rapidly  by  a  motor  for  2  minutes,  during  which  time  the  COf 
was  blown  oiBF  with  a  blast  of  C02-free  air,  and  the  contents  were 
then  titrated  with  0.01  n  NaOH  to  match  the  color  of  a  similar 
flask  at  pH= 7.2. 

>  Van  Slyke,  D.  D.,  Stillman,  E.,  and  CuUen,  G.  E.,  J.  Biol.  Chem., 
1919,  xxxviii,  167. 
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VARIATION  IN  THE  CHOLESTEROL  CONTENT  OF  THE 

SERUM  IN  PNEUMONIA. 

Bt  HAROLD  A.  KIPP.* 
{From  the  Pathological  Laboratoriea,  University  of  Pittsburgh,  Pittsburgh.) 

(Received  for  publication,  July  20,  1920.) 

The  cholesterol  content  of  the  serum  in  acute  inflammatory 
processes  in  the  body  has  been  found  to  undergo  certain  varia- 
tions. A  rather  common  agreement  is  found  among  various 
workers  that  the  cholesterol  content  of  the  blood  is  decreased 
during  the  progress  of  the  acute  inflammatory  process  in  the  body 
and  that  it  rises  to  normal  or  above  normal  during  the  period  of 
convalescence.  The  fact  that  cholesterol  possesses  certain  anti- 
toxic and  antihemolytic  properties  gives  a  particular  interest  to 
the  variation  in  cholesterol  in  the  serum  in  these  acute  infections, 
where  the  body  is  subjected  to  toxic  products  of  invading  bacteria 
and  to  the  degeneration  products  of  tissue  destruction  during  the 
inflammation  which  ensues. 

The  purpose  of  this  work  was  to  determine  the  variation  in 
the  cholesterol  content  in  the  senun  of  patients  with  lobar  pneu- 
monia and  to  ascertain  if  possible  the  cause  of  this  variation  and 
the  relation  it  bears  to  the  inflammatory  process. 

Wacker  and  Hueck  (1)  report  a  decrease  in  the  cholesterol 
content  of  the  blood  in  acute  infections,  cavernous  phthisis,  and 
ulcerating  tumors.  The  acute  inflammatory  complication  of  the 
last  two  is  probably  analogous  to  the  first  in  its  influence  on  the 
cholesterol  content  of  the  blood.  Chauffard,  Richet,  and  Grigaut 
(2)  state  that  in  tuberculosis  the  cholesterol  content  of  the  blood 
depends  upon  the  character  of  the  disease,  whether  apyretic  or 
febrile.  In  the  afebrile  tuberculosis  it  remains  normal,  while  in 
the  febrile  form  the  cholesterol  content  of  the  blood  is  constantly 
lowered,  and  markedly  so  when  the  general  condition  is  very  bad 

•R.  B.  Mellon  Fellow  in  Pathology. 
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or  the  fever  very  high.     The  depression  of  the  cholesterol  in  the 
blood  is  evidently  proportionate  to  the  intensity  of  the  disease. 

In  following  the  variation  in  the  cholesterol  content  of  the 
blood  in  the  course  of  t3^hoid  fever,  Chauffard,  Laroche,  and 
Grigaut  (3)  found  that  a  primary  hypocholesterinemia  is  suc- 
ceeded by  a  gradual  rise  above  the  normal  content,  attaining  a 
maximum  on  the  27th  to  the  56th  day,  before  the  patient  is 
placed  on  an  increased  diet,  and  falling  again  to  a  normal  figure 
on  approximately  the  73rd  day.  A  sharp  fall  in  the  cholesterol 
content  of  the  blood  occurred  in  relapses  and  in  perforation. 
This  sudden  lowering  of  the  cholesterol  content  in  acute  infec- 
tions, concomitant  with  the  perforation  or  in  reinfection  with  the 
typhoid  or  other  organisms  in  the  case  of  the  relapse,  is  no  doubt 
identical  with  the  same  variation  in  other  acute  infections. 

In  cases  of  obstructive  icterus  where  as  a  rule  the  cholesterol 
content  of  the  blood  is  increased,  Rothschild  and  Felsen  (4)  find 
that  this  increase  does  not  take  place  when  associated  with 
acute  infections.  Denis  (5)  found  a  marked  diminution  of 
cholesterol  in  the  blood  in  acute  infections,  with  a  rise  to  normal 
in  convalescence.  However,  no  consecutive  analyses  through 
the  course  of  the  diseases  were  recorded.  Isolated  determina- 
tions shoA^ed  from  129  to  151  mg.  of  cholesterol  per  100  cc.  of 
blood  before  crisis  in  pneumonia  and  166  mg.  per  100  cc.  of 
blood  after  crisis.  The  cholesterol  content  of  the  blood  in  two 
cases  of  bronchopneumonia  was  recorded  as  151  and  171  mg.  per 
100  cc.  of  blood,  in  the  acute  stage  of  the  disease.  In  a  case 
of  pleuritis  279  mg.,  and  in  one  with  effusion,  the  character  of 
which  was  not  recorded,  there  were  found  145  mg.  of  cholesterol 
per  100  cc.  of  blood.  On  account  of  the  wide  variation  even  in 
the  normal  cases  it  is  evident  that  single  analyses  of  blood  or 
its  component  parts  for  the  cholesterol  content  can  give  at  best 
only  a  relatively  accurate  idea  of  the  variation  of  cholesterol  in 
the  patient's  blood.  This  emphasizes  the  necessity  of  serial 
analyses  on  the  same  patient  in  different  stages  of  the  disease. 

All  the  foregoing  results  demonstrate  the  fact  that  cholesterol 
is  diminished  in  that  stage  of  disease  where  an  acute  inflamma- 
tory reaction  is  in  progress  in  the  body.    The  lowering  of  the 
cholesterol  content  of  the  serum  at  a  time  when  the  immune 
reactions  of  the  blood  are  low  in  serum  and  rising  again  after 


H.  A.  Kipp  217 

crisis  when  various  defense  reactions  are  appearing  in  the  blood 
and  the  patient  is  overcoming  the  disease,  suggest  a  possible 
relation  of  cholesterol  in  the  blood  to  the  immune  state  and  the 
recovery  from  pneumonia. 

Heretofore  the  antitoxic  property  of  cholesterol  has  been  of 
interest  and  studied  in  connection  with  its  abiUty  to  inhibit  the 
hemolysis  of  erythrocytes  by  various  hemolytic  and  toxic  agents, 
such  as  oleates  (6,  7),  tetanolysin  (8),  and  of  importance  in  this 
investigation  the  pneumococcus  hemotoxin  (9).  Chauffard  and 
coworkers  (2)  suggested  that  the  rise  in  the  cholesterol  content 
of  the  blood  in  typhoid  convalescence  is  an  index  of  its  antitoxic 
action  and  parallels  the  acquisition  of  a  degree  of  immunity  in 
the  disease.  That  the  action  of  cholesterol  in  the  recovery  from 
disease  is  dependent  upon  its  antitoxic  properties  has  not, how- 
ever, been  demonstrated.  Its  possible  role  in  the  production  of 
immunity  in  the  body  is  given  further  Ught  by  the  work  of  War- 
den (6)  who  found  that  the  addition  of  cholesterol  to  fat  antigens 
consisting  of  the  sodium  salts  of  specific  fats  of  bacterial  cells 
enhanced  the  value  of  the  antigens.  He  also  states  that  an 
antigen  prepared  from  the  cholesterol  esters  of  fatty  acids  of 
pneumococci,  injected  into  rabbits,  gave  rise  to  antibodies  which 
gave  greater  protection  to  rabbits  than  those  of  sodium  and 
lithium  esters  (10).  This  work  is  borne  out  by  that  of  Morato 
and  Villanueva  (11),  who  state  that  the  mixture  of  cholesterol 
with  typhoid  vaccine  before  injection  into  rabbits  seemed  to 
hasten  and  enhance  the  production  both  of  antibodies  and  agglu- 
tinins and  to  reduce  the  general  reaction  to  the  antityphoid 
vaccine.  These  authors  state  that  the  administration  of  choles- 
terol in  toxic  infections  where  the  blood  cholesterol  is  low  is 
apparently  beneficial. 

With  this  review  of  the  apparent  action  of  cholesterol  as  an 
adjuvant  in  the  production  of  passive  inmiunity,  the  question 
arises  of  the  type  or  character  of  inmiunity  developed  in  human 
blood  in  pneimionia.  We  have  the  work  of  Clough  (12),  who 
finds  that  after  crisis  or  lysis  in  acute  lobar  pneumonia  the  serum 
of  the  patient  develops  definite  though  feeble  protective  power 
for  mice,  against  homologous  strains  of  pneumococci  isolated 
from  the  patient  whose  serum  was  being  tested.  This  activity 
was  not  demonstrated  in  the  active  stages  of  the  disease  in  the 
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serum,  nor  was  it  present  in  fatal  eases.  In  six  out  of  eleven 
cases  in  the  convalescent  stage  a  phagocytic  activity  was  shown 
which  paralleled  the  protective  power  of  the  serum.  Phago- 
cytosis in  vivo  paralleled  phagocytosis  in  vitro.  Another  factor, 
suggested  by  Lord  (13),  may  be  of  considerable  importance  in 
bringing  about  crisis  and  resolution  of  the  pneumonic  process. 
He  attributes  the  recovery  to  local  biochemical  changes,  in  the 
course  of  which  the  acid  death-point  of  the  pneumococcus  is 
reached. 

Chickering  (14)  found  agglutinative  activity  developed  only  at 
or  near  crisis.  This  agglutinative  activity  was  limited  to  homol- 
ogous type  strains  with  which  the  patient  was  infected.  This 
development  of  homologous  agglutinins  is  also  seen  in  the  work 
of  Warden  (6),  who  found  that  the  animal  body  is  sensitive  to 
minute  variations  in  the  fat  complexes  of  certain  bacterial  cells 
and  can  distinguish  between  related  members  of  the  same  species. 

The  important  part  taken  by  the  leucocytes  in  the  resistance  of 
animals  to  experimental  pneumonia  has  been  shown  by  Kline 
and  Winternitz  (15).  Animals  treated  with  benzene,  a  leuco- 
toxin,  rapidly  succumb  to  the  disease  and  those  treated  with 
toluene,  which  causes  no  leucopenia,  showed  no  decreased  resist- 
ance. Nutrose  induced  hyperleucocytosis  before  infection  appar- 
entlv  increased  the  resistance  of  the  animals.  In  fatal  cases 
where  pneumococci  had  been  injected  intravenously  in  the  dog, 
Bull  (16)  found  that  there  was  Uttle  phagocytosis,  while  in  the 
convalescent  cases  the  pneumococci  were  actively  phagocyted. 
The  leucopenia  of  influenza  infections  is  in  direct  agreement  with 
the  above  findings  for  in  these  cases  pneumonia  was  prone  to 
compUcate  the  cUnical  course  of  the  disease. 

In  a  study  on  the  experimental  production  of  pneumonia  in 
monkeys,  Blake  and  Cecil  (17)  found  that  the  onset  of  the  dis- 
ease is  accompanied  by  an  initial  leucocytosis.  This  preliminary 
leucocytosis,  which  was  polymorphonuclear  in  character,  usually 
began  within  6  hours  after  the  injection  of  the  pneumococci 
intratracheally,  and  reached  its  maximum  within  24  to  48  hours 
later.  Following  the  preliminary  rise  in  leucocytes  there  was 
noted  a  constant  fall  in  the  ciuve.  The  rapidity  and  extent  of 
this  fall  seemed  to  bear  a  direct  relation  to  the  severity  of  the 
disease  and  the  degree  of  pneumococcus  invasion  of  the  blood. 
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In  cases  progressing  to  recovery,  the  leueocytic  curve  instead 
of  continuing  progressively  downward  turns  upward  again  and 
rises  in  the  latter  half  of  the  disease  until  crisis  occurs,  when  it 
again  falls  to  normal.  It  is  worthy  of  note  that  the  leucocytes 
are  relatively  few  in  number  in  the  blood  at  the  time  when  cho- 
lesterol is  lowest  and  that  as  they  increase  in  the  latter  half  of  the 
disease  cholesterol  is  found  in  increased  quantity  in  the  blood 
serum. 

With  the  increase  in  the  phagocytic  power  of  the  leucocytes  at 
the  time  of  and  following  crisis,  the  part  that  these  elements  of 
the  tissues  and  blood  play  in  the  resistance  of  the  bojdy  to  infec- 
tion and  recovery  from  the  pathological  state  produced  by  the 
presence  of  parasites  and  their  toxic  agents  in  the  body,  assumes 
a  position  of  interest  and  importance.  The  definite  relation 
between  the  activity  of  the  leucocyte  and  resistance  to  and  recov- 
ery from  the  disease  is  shown  in  the  foregoing  work  and  what- 
ever other  factors  may  be  concerned  in  the  mechanism  of  recov- 
ery from  pneumonia,  the  white  blood  cells  play  a  leading  r61e. 

The  fact  that  leucocytes  contain  a  considerable  amount  of  free 
cholesterol,  five  times  as  much  as  the  erythrocytes  (1),  is  of  inter- 
est in  that  its  presence  in  the  leucocytes  may  indicate  the  part 
that  cholesterol  plays  in  phagocytosis  in  acute  infections  in  the 
neutralization  of  toxic  substances  phagocyted  by  the  leucocytes, 
so  that  their  vitality  is  prolonged.  That  cholesterol  appears  to 
accumulate  in  the  white  blood  cells  during  their  phagocytic 
activities,  in  the  course  of  acute  inflammatory  processes,  follows 
from  the  analjrses  of  Lilienfeld  (18),  who  found  4.4  per  cent  of 
cholesterol  as  a  component  of  the  solids  of  normal  leucocytes 
obtained  from  thymus.  Halliburton's  (19)  analysis  of  two 
samples  of  dried  pus  cells  by  the  same  method  gave  cholesterol 
7.4  and  7.28  per  cent  or  approximately  twice  the  content  of  the 
normal  cells  from  thymus.  Schafer  states  that  this  large  increase 
in  the  cholesterol  along  with  the  increase  of  lecithin  and  fat  is  in 
agreement  with  the  demonstration  of  fatty  degeneration  by  the 
microscope. 

Further  support  of  this  premise  suggesting  the  relation  between 
the  phagocytic  activity  of  the  leucocytes  and  the  cholesterol  is 
found  in  the  work  of  Klotz  (7),  who  states  that  the  phagocytic 
activity  of  the  vascular  endothelium  for  fat  is  enhanced  by  the 
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presence  of  cholesterol.  Moreover  Chauffard,  Richet,  and 
Grigaut  (20)  suggest  that,  because  of  its  colloidal  nature,  the 
variation  in  cholesterol  in  the  blood  serum  is  related  to  the  activ- 
ity of  the  cells,  as  seen  in  the  localized  concentration  of  choles- 
terol in  atheromata  and  xanthelasma. 

With  this  conception  of  the  relation  between  the  phagocytic 
activity  of  cells  and  the  cholesterol  content  of  the  serum,  atten- 
tion is  drawn  to  the  work  of  Christian  (21),  who  showed  that 
numerous  polymorphonuclear  leucocytes  seen  in  the  lung  in  the 
stage  of  gray  hepatization  contain  a  large  amount  of  fatty  mate- 
rial which  differs  in  some  respects  from  the  body  fat.  The 
presence  of  such  a  large  amount  of  fatty  material  in  the  lung  at 
this  stage  of  the  disease  allows  the  accmnulation  of  a  considerable 
amount  of  fatty  acids  which  are  unsaturated  and  toxic  and  are 
largely  of  the  oleic  acid  type  (22). 

That  the  exudate  of  human  pneumonic  lungs  in  the  stage  of 
gray  hepatization  is  extremely  toxic  for  guinea  pigs  and  rabbits, 
on  intravenous  or  intramuscular  injection  and  markedly  hemo- 
lytic for  guinea  pig  erythrocytes,  has  been  shown  by  Solis-Cohen, 
Weiss,  and  Kolmer  (23).  These  toxic  substances  in  the  lung  in 
the  stage  of  gray  hepatization  with  early  autolysis  of  the  exudate 
are  largely  removed  by  passage  through  the  Berkefeld  filter  and 
their  hemolytic  activity  is  neutralized  by  antipneumococcus 
serum  and  normal  rabbit  serum  (24). 

These  authors  who  determined  the  toxicity  of  the  lung  extracts 
believe  that  the  toxic  principles  are  related  to  the  protein  frac- 
tion of  the  exudate,  but  in  view  of  the  toxicity  possessed  by  the 
unsaturated  fatty  acids  and  their  esters,  a  study  of  the  lung  in 
the  stage  of  gray  hepatization  stained  with  Sudan  III  will  impress 
the  observer  with  the  reasonable  probabiUty  of  the  toxicity  beini; 
in  part  dependent  upon  the  presence  of  the  large  amount  of  for- 
eign fat  which  is  contained  in  the  lung  at  this  stage  of  the  disease^ 

Typical  lobar   pneumonia  having  a  rather   distinct   clinical 
picture  offered  a  good  type  of  acute  infection  for  studying  the^ 
varying  content  of  blood  cholesterol  during  the  different 
of  the   disease.    Unfortunately  the   bronchopneumonic  type   ol 
the  disease  was  the  more  prevalent  and  difficulties  were  presented-— 
in  establishing  a  definite  relation  of  the  cholesterol  content  of**^ 
the]^serum  to  a  certain  stage  of  the  disease  with  a  varying  clinicaL — - 
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picture.  Although  the  number  of  cases  presented  is  insufficient 
to  estabHsh  a  constant  curve,  certain  results  have  been  obtained 
which  express  the  variation  of  cholesterol  in  the  early  and  con- 
valescent stages  of  the  disease. 

For  the  determination  of  the  cholesterol  content  of  blood  serum 
in  the  course  of  pneumonia  specimens  of  blood  were  obtained 
from  patients  in  the  wards  of  the  Mercy  and  St.  Francis  Hos- 
pitals, through  the  kind,  cooperation  of  the  laboratory  services 
of  these  institutions.  After  rimming  the  blood,  the  serum  was 
allowed  to  separate  and  was  kept  in  the  refrigerator  until  the 
estimations  were  performed. 

The  method  used  in  the  determinations  of  the  total  cholesterol 
in  the  serum  was  essentially  that  of  Bloor  (25)  and  as  later  modi- 
fied by  him  (26).  On  account  of  slight  modifications  which  may 
be  helpful,  a  brief  rfeum6  of  the  method  is  given. 

The  clear  serum  was  used.  The  quantity  varied  from  1  to  3  cc.  The 
serum,  in  a  slow  stream  of  drops,  was  delivered  from  a  calibrated  pipette, 
into  a  100  cc.  volumetric  flask  which  contained  about  70  cc.  of  a  mixture  of 
one  part  of  redistilled  sulfuric  ether  to  three  parts  of  redistilled  05  per  cent 
ethyl  alcohol.  After  thorough  shaking,  this  material  was  heated  to  boil- 
ing with  constant  agitation  on  a  water  bath  and  allowed  to  stand  well 
corked  for  24  hours.  The  quantity  was  then  made  up  to  100  cc.  by  the  fur- 
ther addition  of  the  alcohol-ether  mixture,  mixed  well,  and  filtered  into  a 
clean  glass  bottle,  which  contained  about  5  gm.  of  anhydrous  sodium  sul- 
fate, for  the  purpose  of  removing  coloring  material.  The  extract  was 
mixed  well  with  the  sodium  sulfate  and  allowed  to  stand  well  corked 
for  24  hours. 

According  to  the  quantity  of  serum  used,  10  to  30  cc.  of  this  alcohol- 
ether  extract  were  delivered  by  a  calibrated  pipette  into  a  60  oc.  glass  beaker 
and  evaporated  to  almost  dryness  on  an  electric  hot  plate.  The  drying 
^^as  completed  in  a  desiccator  over  calciimi  chloride.  The  cholesterol  was 
estimated  in  triplicate  samples  of  the  alcohol-ether  extract,  of  each  speci- 
:anen  of  serum. 

The  dried  extracts  were  then  taken  up  in  about  10  cc.  of  chloroform, 

Merck's  c.p.  (redistilled),  and  boiled  down  to  a  small  volume  for  three  or 

lour  successive  times.    The  chloroform  extract  was  decanted  each  time  into 

«  calibrated  measuring  cylinder,  and  the  quantity  was  finally  made  up  to 

4S  cc.  by  the  addition  of  the  chloroform.    The  standard  was  prepared  from 

^  solution  of  Kahlbaum's  cholesterol,  2  gm.  in  200  cc.  of  chloroform.    10 

«c.  of  this  standard  were  added  to  chloroform  in  a  100  cc.  volumetric  flask 

•^nd  the  quantity  was  made  up  by  the  addition  of  chloroform  to  100  cc.  at 

"^"C.    These  standard  solutions  were  kept  in  the  refrigerator  to  prevent 

evaporation  or  deterioration  on  exposure  to  light.    5  cc.  of  this  standard 
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were  added  to  a  stoppered  measuring  cylinder  for  each  estimation.  After 
the  addition  of  2  cc.  of  Merck's  acetic  anhydride  (colorless)  and  0.1  cc. 
of  concentrated  sulfuric  acid,  the  cylinders  were  placed  in  a  water  bath  at 
a  constant  temperature  of  22**C.,  for  15  minutes.  The  contents  of  the  cylin- 
ders were  then  placed  in  the  cups  of  a  Duboscq  colorimeter  and  the  unknown 
was  compared  with  the  standard  at  15.  Th6  comparison  could  in  a  major- 
ity of  instances  be  read  at  this  place.  The  presence  of  a  brownish  colora- 
tion was  noted,  but  it  did  not  seriously  interfere  with  the  readings.  The 
amount  of  cholesterol  was  then  computed  in  milligrams  per  100  cc.  of 
serum. 

In  Table  I  are  given  results  in  which  two  or  more  determina- 
tions on  different  days  of  the  disease  were  obtained  of  the  cho- 
lesterol content  of  the  scrum.  The  clinical  notes  accompanying 
the  analyses  were  obtained  from  the  patients'  chart  as  recorded 
by  the  physicians  in  attendance  on  the  case. 

Table  II  gives  a  series  of  cases  in  which  only  one  specimen  of 
serum  was  available  for  analysis,  with  the  exception  of  two  cases 
which  showed  no  variation  in  the  cholesterol  content  of  the  serum. 

In  Table  III  arc  given  three  cases  of  pneumonia  which  devel- 
oped empyema. 

In  Table  IV  are  the  results  of  analyses  of  a  number  of  pleural 
exudates  and  of  one  empyema  of  gall  bladder.  These  exudates 
varied  in  character.  The  analyses  showed  the  difference  in  the 
cholesterol  content  of  the  fluids  and  the  Cellular  portion  of  the 
exudate  which  is  probably  similar  to  that  of  the  exudates  in  the 
lung  in  the  stage  of  gray  hepatization,  and  presents  a  more  readily 
available  form  of  material  upon  which  estimations  are  made  in 
the  same  manner  as  with  the  blood  serum. 

DISCUSSION. 

Cases  1,  2,  3,  5,  and  6,  in  which  the  patients  developed  a  well 

defined  pneumonic  consolidation,  showed  a  subnormal  cholesterol 

content  in  the  serum  in  the  acute  stage  of  the  disease  and  a  much 

higher  cholesterol  content  during  convalescence  when  resolution 

in  the  lung  had  been  in  progress  for  some  time.     Case  7  showed 

a  variation  in  the  cholesterol  content  of  the  serum  from  a  low 

figure  before  resolution  to  a  hypercholesterinemia  in  the  course  of 

convalescence,  which  was  later  succeeded  by  a  return  to  a  normal 

content.    The  variation  in  this  case  resembles  very  much  the 
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contour  of  the  curve  which  Chauffard  (3)  established  in  typhoid 
fever.  Case  10,  with  a  continued  high  temperature  and  with 
resolution  progressing  in  the  lung,  showed  a  rise  in  the  cholesterol 
content  of  the  serum  paralleling  the  process  of  resolution  of  the 
pneumonic  exudate.  Cases  4  and  13  demonstrate  a  return  to 
normal  in  the  cholesterol  content  of  the  senun  subsequent  to  a 
hypercholesterinemia.  The  difference  in  time  of  the  return  of 
the  cholesterol  content  of  the  serum  to  normal  in  these  two 
cases  and  in  Case  7  indicates  that  there  is  a  marked  difference  in 
the  cholesterol  variation  in  each  individual  case,  dependent  upon 
the  intensity  of  the  disease  and  the  extent  of  the  inflammatory 
reaction. 

Although  each  case  showed  a  primary  hypocholesterinemia 
with  a  rise  in  the  cholesterol  content  of  the  serum  in  convales- 
cence, a  hypercholesterinemia  in  convalescence  is  demonstrated 
only  in  Cases  4,  7,  and  13.  The  tendency  of  the  variation  of  the 
cholesterol  content  of  the  serum  in  the  other  cases  is  ajso  toward 
a  hypercholesterinemia  in  convalescence  and  probably  this 
variation  obtains  in  the  majority  of  cases  where  there  has  been  a 
considerable  degree  of  consolidation  of  the  lung. 

The  Ust  of  cases  in  which  single  analyses  were  available  sub- 
stantiates the  general  findings  in  the  cases  in  Table  I.     In  three 
fatal  cases,  the  cholesterol  content  of  the  serum  was  very  low, 
and  in  the  case  with  the  greatest  amount  of  lung  involvement, 
the  depression  was  lowest.     This  finding  suggests  that  the  depres- 
sion of  the  cholesterol  content  of  the  serum  is  dependent  upon  the 
amount  of  involvement  of  the  lung  and  may  also  indicate  an 
increased   utilization   of  cholesterol  in  the  more  severe   cases* 
In  Case  3A,  which  recovered,  there  was  a  marked  lowering  of 
the  cholesterol  content  of  the  serum  during  the  acute  stage  of 
the  disease  with  a  large  area  of  lung  tissue  involved.     In  Case? 
7A,  wath  a  definite  consohdation  of  one  lobe,  the  temperature 
coming  to  normal  on  the  11th  day  of  the  disease,  a  hypercho- 
lesterinemia was  present  on  the  17th  day. 

In  the  two  cases  noted,  one  during  the  acute  stage  of  the  dis- 
ease and  the  other  in  convalescence  in  which  there  was  no  con- 
solidation, there  w^as  no  change  in  the  cholesterol  content  of  the 
serum.  These  figures  again  support  the  probability  that  the 
cholesterol  content  of  the  serum  in  pneumonia  is  dependent  upon 
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and  parallels  the  activity  of  the  white  blood  cells  in  their  par- 
ticipation in  the  formation  of  the  exudate  at  the  site  of  the  acute 
inflammatory  process. 

Blake  and  Cecil  (17)  have  determined  the  curv^e  of  variation 
of  the  leucocytes  in  the  blood  in  the  course  of  experimental 
pneimionia.  In  superimposing  the  results  of  our  determinations 
of  the  cholesterol  content  of  the  blood  upon  this  curve,  it  is 
remarkable  how  closely  they  coincide.  The  initial  leucocytosis 
of  short  duration  with  a  subsequent  fall  parallels  the  lowering  of 
the  cholesterol  content  of  the  serum.  The  leucocytes  at  this 
time  are  gathering  at  the  site  of  the  acute  inflammatory  process. 

The  lung  exudate  in  the  stage  of  gray  hepatization  has  been 
shown  to  be  toxic  for  animals.  The  presence  of  the  large  amount 
of  fatty  substances  in  this  exudate  suggests  this  abnormal  fat  as 
responsible  in  part  for  the  toxicity.  The  cholesterol  existing  in 
the  serum  as  a  readily  available  neutraUzing  substance  in  a 
colloid  state  is  removed  from  the  serum  by  the  phagocytic  leuco- 
cytes, and  participates  in  the  inflammatory  process  as  a  com- 
ponent of  the  white  blood  cells.  At  the  site  of  the  acute  inflam- 
mation it  performs  the  function  of  neutralizing  the  toxins  of  the 
organisms  and  the  toxic  products  of  the  disease  process.  The 
subsequent  rise  in  cholesterol  in  the  serum  is  seen  when  the 
leucocytes  are  returning  to  the  general  circulation. 

In  the  three  cases  of  empyema  presented,  it  is  seen  that  the 
development  of  this  compUcation  in  the  course  of  the  pneumonic 
process  delays  the  return  of  the  cholesterol  in  the  serum  to  a 
normal  figure.  In  addition,  the  cholesterol  content  of  the  serum 
is  lower,  on  an  average,  than  the  depression  of  this  substance 
in  the  serum  in  the  uncomplicated  pneumonia.  In  the  fatal 
cases  the  marked  lowering  of  the  cholesterol  again  suggests  an 
increased  utilization  of  cholesterol  with  the  extension  of  the 
inflammatory  process. 

Cholesterol  is  a  substance  which  is  strictly  conserved  by  the 
animal  organism.  Dor^e  and  Gardner  (27)  state  that  part  of 
the  cholesterol  in  bile  is  derived  from  the  breaking  down  of  the 
blood  and  tissue  cells  which  contain  a  relatively  large  amount 
of  it.  Analogy  may  be  drawn  to  this  in  the  explanation  of  the 
variation  of  the  cholesterol  in  the  blood  stream  in  the  consolida- 
tion of  the  lung,  where  there  is  lysis  of  the  cells  of  the  exudate  at 


236  Cholesterol 

the  time  of  resolution,  and  in  the  formation  of  purulent  exudates 
in  empyema. 

Analysis  of  the  empyema  fluids  shown  in  Table  IV  demon- 
strates that  the  exudates  containing  a  large  number  of  pus  cells 
possess  from  two  to  three  times  the  amount  of  cholesterol  found 
in  the  relatively  acellular  fluids.  The  exudates  which  contained 
few  cells  contained  considerably  less  cholesterol  than  is  foiuid  in 
normal  serum  showing  that  the  presence  of  cholesterol  in  the 
exudates  is  related  to  the  cellular  constituents.  In  these  richly 
cellular  exudates,  moreover,  it  was  found  that  the  fluid  portion 
of  the  exudate  contained  even  less  cholesterol  than  the  acellular 
fluid,  indicating  an  accimiulation  of  cholesterol  by  the  cells  of  the 
fluid.  LiUenfeld^s  (18)  analyses  show  the  accumulation  of 
cholesterol  in  these  pus  cells.  The  enrichment  of  the  cells  of  the 
exudate  in  cholesterol  probably  indicates  on  the  other  hand  that 
these  cells  adsorb  a  considerable  amount  of  cholesterol  from  the 
serum  before  migrating  to  the  site  of  the  acute  inflammation. 

CONCLUSIONS. 

1.  The  cholesterol  content  of  the  blood  serum  in  pneumonia 
exhibits  the  following  variations: 

(a)  A  primary  hypocholesterinemia,  the  degree  of  which  is 
dependent  upon  the  degree  of  lung  involvement  and  the  intensity 
of  the  infection. 

(6)  A  secondary  hypercholesterinemia  in  the  period  of  con- 
valescence, during  and  continuing  for  a  varying  period  of  time 
after  the  resolution  of  the  pneumonic  exudate. 

(c)  A  return  to  the  normal  cholesterol  content  of  the  serum. 

2.  The  variation  in  the  cholesterol  in  the  blood  serum  in  pneu- 
monia is  dependent  upon  the  activity  of  the  leucocytes  and  being 
transported  by  them  to  the  area  of  acute  inflammation  acts  as  an 
antitoxic  substance,  neutralizing  the  bacterial  toxins  and  those 
arising  from  the  disintegration  of  tissue  in  the  process  of  the 
inflanmiatory  reaction.  It  also  may  serve  as  an  adjuvant  in  the 
development  of  antigens  which  initiate  the  process  of  resolution 
of  the  *pneimionic  exudate. 

3.  The  utiUzation  of  cholesterol  in  acute  toxic  infections  is 
directly  proportional  to  the  severity  of  the  disease. 
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4.  The  development  of  empyema  definitely  alters  the  variation 
of  cholesterol  in  the  serum  in  pneumonia. 

It  is  a  pleasure  to  express  my  sincere  thanks  to  Dr.  Oskar 
Klotz  for  suggesting  the  subject  of  this  research  and  for  his 
supervision  throughout  the  course  of  the  work. 
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THE  NATURE  OF  CHLORINE  COMBINATION  IN 

URINE. 

By  a.  T.  CAMERON  and  M.  S.  HOLLENBERG. 

{From  the  Department  of  Biochemistry f  University  of  Manitoba^ .  Winnipeg, 

Canada,) 

(Received  for  publication,  September  13, 1920.) 

Neuberg*  states  that  Berlioz  and  L^pinois,*  and  other  French 
writers  found  chlorine  present  in  urine  partly  in  organic  combina- 
tion. Later  investigators'-*  denied  this..  Baumgarten*  obtained 
results  mdicating  that  0.04  to  0.2  gm.  of  organic  chlorine  is  excreted 
daily  in  the  urine;  the  maximum  found  amounted  to  about  10 
per  cent  of  the  total  chlorine  excretion,  and  was  independent  of 
the  amount  of  sodium  chloride  in  the  diet  and  the  temperature 
of  the  individual.  We  have  been  unable  to  find  any  more  recent 
work  dealing  with  the  possible  presence  of  organic  chlorine  in 
urine. 

Baumgarten's  method  consisted  in  treating  urine  with  sodium 
nitrite  and  fuming  nitric  acid  (to  reduce  chlorates),  adding  excess 
of  silver  nitrate  and  filtering  in  darkness,  and,  after  removal  of 
excess  silver,  concentrating  to  one-third,  again  filtering,  and 
lieating  the  filtrate  in  a  retort  with  concentrated  nitric  and 
sulfuric  acids  free  from  chloride.  The  distillate  was  collected  in 
a  dilute  silver  nitrate  solution,  and  silver  chloride  was  precipi- 
tated in  this  corresponding  to  the  amounts  of  chlorine  indicated 
above.    This  chlorine  was  considered  to  be  in  organic  combination. 

We  have  repeated  Baumgarten's  procedure  with  completely 
negative  results. 

^  Neuberg,  C,  Der  Ham  sowie  die  ilbrigen  Ausscheidungen  und  Kor- 
perfliissigkeiten  von  Mensch  und  Tier,  Berlin,  1911,  i,  112. 

*  Berlioz,  A.,  and  L^pinois,  E.,  J.  pharm.  et  chim.y  1894,  xxix,  288. 

*  Ville,  J.,  and  Moitessier,  J.,  Compt.  rend.  Sac.  biol.y  1901,  liii,  673. 

*  Meillidre,  G.,  Compt,  rend.  Soc.  biol.,  1901,  liii,  1174. 

»  Baumgarten.  O.,  Z,  exp.  Path.  u.  Therap.,  1908-09,  v,  540. 
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Chlorine  in  Urine 


Chlorates  and  perchlorates  do  not  appear  to  occur  normally  in 
urine,  and  when  administered  are  excreted  in  the  urine  unchanged 
and  abnost  quantitatively  within  48  hours.*  We  have  confirmed 
the  absence  of  chlorine  oxy-acids  from  normal  urine  by  the  follow- 
ing procedure. 

The  haUde  content  of  20  cc.  of  urine  was  precipitated  as  silver 
chloride  in  the  presence  of  nitric  acid,  the  precipitate  was  col- 
lected on  a  Gooch  crucible,  washed  with  distilled  water,  and  dried 
at  100°C,  to  constant  weight.  Another  20  cc.  of  urine  was 
treated  with  nitrite  and  fmning  nitric  acid,  allowed  to  stand  for 
some  hours,  and  then  the  haUde  content  estimated  as  just  described. 
The  results  indicate  that  chlorine  oxy-acids  can  be  considered  as 
absent  from  normal  urine  (Table  I). 

TABLE  I. 


Subject  No. 

Chloride-chlorine  in 
urine. 

100  CO. 

Chlorine  and  oxy-acid  chlorine 
in  100  cc.  urine. 

gm. 

gm. 

1 

0.7832 

0.7837 

0.7837 

0.7843 

2 

0.6226 

0.6233 

0.6220 

0.6225 

3 

0.5646 

• 

0.5649 

0.5650 

0.5653 

We  have  made  a  careful  comparison  of  the  chloride  (halide) 
content  and  the  total  chlorine  (halogen)  content  of  urine.  The 
haUde  in  20  cc.  of  urine  was  estimated  as  usual.  The  total 
halogen  was  estimated  by  evaporating  20  cc.  of  urine  with  10  gm. 
of  solid  sodium  hydroxide,  heating  the  fused  mass  with  additions 
of  very  small  quantities  of  potassium  nitrate  until  all  organic 
matter  was  oxidized,  dissolving  in  water,  and  estimating  the 
hahde  as  silver  chloride  as  usual.    The  results  are  given  in  Table  II. 

The  sUghtly  greater  differences  with  the  pathological  urines 
were  probably  due  to  difficultly  filterable  organized  matter, 
retained  in  the  Gooch  crucible  but  destroyed  during  fusion.  The 
close  agreement  indicates  the  absence  of  organic  chlorine. 

•  HeflFter,  A.,  Ergebn.  Physiol.,  lie  Abt.,  1903,  ii,  108. 
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TABLE  n. 


Sttbjeet  No. 

Condition. 

Chloride-chlorine  in 
100  cc.  urine. 

Total  chlorine  in 
100  cc.  urine. 

gm. 

gm. 

1* 

Normal. 

1.0835 

1.0834 

1.0836 

1.0831 

1.0831 

1.0834 

2 

u 

0.6227 

0.6235 

0.6216 

0.6232 

4 

it 

0.d383 

0.9365 

0.9358 

0.9387 

5 

a 

0.9451 

0.9449 

0.9447 

0.9444 

6 

Tubercular. 

0.3034 

0.3028 

0.3041 

03037 

7 

M 

0.4876 

0.4867 

0.4880 

0.4864 

8 

l< 

0.4480 

0.4474 

0.4477 

1 

0.4476 

9 

U 

0.3670 

0.3637 

A  fresh  sample. 


All  our  figures  are  for  halogens  and  halides  (estimated  as 
tliloride).  As  under  normal  conditions  only  traces  of  bromides 
Lnd  iodides  are  present  in  urine,  the  results  can  be  considered  in 
'erms  of  chlorine  and  chloride. 

We  conclude  that  in  the  absence  of  chlorate  or  similar  medica- 
aon  chlorine  occurs  in  urine  as  chloride  only;  organic  chlorine 
i^d  chlorine  oxy-acids  are  absent. 


THE  FAT  CONTENT  OF  EMBRYONIC  LIVERS. 

By  C.  G.  IMRIE  and  S.  G.  GRAHAM. 

IFram  the  Department  of  Pathological  Chemistry,  University  of  Toronto, 

Toronto,) 

(Received  for  publication,  August  23,  1920.) 

Fatty  infiltration  of  the  liver  may  be  produced  experimentally 
n  animals  by  the  injection  of  such  substances  as  phlorhizin, 
nyristicin,  and  oil  of  pulegone;  also  by  fasting.  .  The  fat  which 
accumulates  in  the  liver  under  such  conditions  is  believed  to  be 
ierived  from  the  subcutaneous  tissues  and  other  depots  where 
^at  is  stored,  for  it  has  been  shown  that  as  the  fat  accumulates 
ji  the  liver  it  resembles  more  and  more  in  its  degree  of  desatura- 
sion  the  fat  of  the  connective  tissue.  This  may  be  readily  shown 
oy  a  determination  of  the  iodine  value  of  the  higher  fatty  acids 
extracted  from  the  particular  tissue.  The  histologically  invisible 
'at  which  is  normally  present  in  the  Uver  and  other  organs  of 
animals  and  which  enters  into  the  physical  structure  of  the  cell, 
^  much  less  saturated  and  has  therefore  a  higher  iodine  value 
bhan  the  fat  deposited  in  comparatively  inert  form  in  the  con- 
nective tissue.  As  the  amount  of  fat  in  the  liver  increases,  the 
iodine  value  is  lowered  until  in  livers  where  large  amounts  of  fat 
are  present  the  iodine  value  of  the  fat  very  closely  approximates 
that  of  the  connective  tissue  fat. 

While  engaged  in  the  study  of  the  changes  thus  effected  in  the 
organs  of  animals,  it  seemed  desirable  to  extend  the  observations 
to  pregnant  animals  and  to  determine  the  relation  in  which  the 
embryonic  liver  stood  to  mobilized  fat.  It  seemed  reasonable  to 
suppose  that  the  embryonic  tissue  might  possess  an  avidity  for 
food  material  such  as  fat  and  that  this  might  evidence  itself  by  a 
greater  accumulation  of  fat  in  the  embryonic  than  in  the  maternal 
liver,  if  the  fat  were  mobilized  experimentally. 
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EXPERIMENTAL. 

Because  of  their  convenient  size  and  prolific  tendencies,  guinea 
pigs  were  selected  for  the  observations.  The  higher  fatty  acids 
were  determined  by  the  method  of  Leathes  (1)  and  the  iodine 
value  by  the  method  of  Wys  (2). 

A  few  preliminary  determinations  showed  that  the  percentage 
of  fat  in  the  embryonic  liver  was  not  constant,  but  varied  with 
the  age  of  the  embryo.  The  livers  obtained  from  young  embryos, 
weighing  about  10  gm.,  histologically  and  chemically  resembled 
the  adult  hepatic  tissue,  in  so  far  as  their  fat  content  was  con- 
cerned, whereas  in  embryos  fully  developed  the  liver  was  yellow 
in  color  and  chemically  showed  a  large  accumulation  of  fat. 
These  findings  suggested  a  physiological  infiltration  of  fat  in 
the  embryonic  liver  during  development,  and  obviously,  if  such 
were  the  case,  it  was  necessary  to  establish  its  nature  before  cor- 
rect interpretations  could  be  made  of  observations  under  experi- 
mental conditions. 

In  order  to  ascertain  the  nature  of  this  fat  accumulation, 
pregnant  animals  in  various  stages  of  gestation  under  normal 
conditions  were  killed,  and  the  liver  tissue  was  examined  as  pre- 
viously described.  Where  the  embryos  were  very  small,  the 
livers  from  the  members  of  one  litter  were  pooled  and  one  deter- 
mination was  made  upon  the  lot  in  order  to  obtain,  if  possible, 
sufficient  fatty  acid  for  an  accurate  iodine  value  determination. 

In  Table  I  the  results  from  twenty-two  guinea  pigs  are  recorded. 
They  are  arranged  in  the  order  of  the  increasing  weights  of  the 
embryos.  In  nineteen  instances,  the  values  obtained  from  the 
maternal  livers  are  also  given.  The  weight  of  the  embryo  has 
been  employed  as  an  indication  of  its  age,  and  this,  while  for 
obvious  reasons  somewhat  imsatisfactory,  has  proved  sufficiently 
accurate  for  om*  purpose. 

These  figures  show  quite  definitely  that  a  fatty  infiltration 
takes  place  in  the  livers  of  embryo  guinea  pigs.  Until  the  embryo 
reaches  an  age  corresponding  to  a  weight  of  about  40  gm.,  there 
is  little  or  no  evidence  of  this,  but  as  its  weight  increases  beyond 
this  the  increase  in  fat  is  verj'-  marked.  The  average  fat  value  of 
the  liver  in  embryos  under  40  gm.  in  weight  is  3.16  per  cent, 
whereas  in  embryos  over  40  gm.  in  weight  it  is  13.10  per  cent. 
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It  seems  that  the  rate  of  infiltration  is  most  marked  dming  that 
period  of  development  represented  by  weights  of  40  to  60  gm. 

In  Table  II,  the  figures  have  been  obtained  in  the  following 
way.  The  embryos  have  been  divided  into  nine  groups  accord- 
ing  to  their  weights.  Group  1  includes  those  under  10  gm.; 
Group  2  includes  those  over  10  gm.  and  under  2iO;  Group  3  those 
over  20  gm.  and  under  30;  and  so  on,  while  Group  9  includes 

TABLE  I. 


Weight  of 

Embryonic  liven. 

Maternal  livera. 

embryoe. 

Higher  fatty 
acids. 

•  Iodine  value. 

Higher  fatty 
acids. 

Iodine  value. 

am. 

3.0 
5.4 
6.0 
13.0 
13.0 
23.5 
24.0 
29.0 
32.0 
37.2 
42.0 
50.0 
55.5 
64.0 
68.0 
70.0 
72.0 
72.0 
73.0 
90.0 
101.0 
117.0 

percent 

2.39 

3.49 

3.40 

3.35 

3.08 

2.84 

2.40 

3.63 

4.12 

2.88 

5.06 

9.60 

14.29 

12.27 

15.80 

12.00 

11.46 

14.60 

15.70 

16.15 

15.14 

15.22 

• 

118 
114 
102 
98 
106 
105 
113 
115 
107 
110 
112 
109 

103 

101 

92 

105 
100 
102 

percent 

1.86 
3.52 
1.44 
2.03 
2.50 
2.31 
2.34 
2.15 
2.25 
2.24 
2.14 
1.17 
1.69 
1.69 
2.66 

1.81 
3.54 

3.03 
2.41 

117 
94 
117 
122 
111 
123 
120 
116 
114 
120 
126 
115 
123 
123 
120 

112 
117 

94 
118 

those  over  90  gm.     In  each  group,  the  average  weight  of  the 
embryos,  the  average  fat  content,  and  iodine  value  of  the  embry- 
onic and  maternal  livers  have  been  calculated  and  expressed. 
The  infiltration  of  fat  into  the  embryonic  livers  is  well  demon- 
strated in  these  averages. 

It  is  of  special  interest  to  note  that  this  infiltration  is  not 
associated  with  any  such  change  in  the  maternal  liver.    The 
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highest  fat  value  in  the  maternal  Uvers  in  the  series  was  3.54 
per  cent,  and  in  only  three  instances  were  the  values  over  3  per 
cent.  The  average  fat  content  of  the  maternal  Uvers  in  animals 
with  embryos  under  40  gm.  in  weight  was  2.26  per  cent,  while 
that  obtained  in  animals  with  embryos  over  40  gm.  in  weight 
was  2.24  per  cent.  Thus,  the  average  amount  of  fat  in  the 
embryonic  Uver  may  increase  from  3.16  per  cent  in  the  first  period 
to  13.10  per  cent  ih  the  second  period,  as  previously  mentioned, 
while  in  the  maternal  Uver  the  average  amount  of  fat  remains 
practically  unaltered.  This  seems  to  indicate  that  the  infiltration 
of  fat  in  the  embryonic  Hver  is  an  embryonic  process  and  that  this 
organ  possesses  an  avidity  for  fat  not  possessed  by  the  maternal 
Uver  at  that  time. 

TABLE  II. 


t^               vr 

Average  weight 
of  embryos. 

Embryonic  livers. 

Maternal  livers. 

Group  No. 

Average  higher 
fatty  acids. 

Average  iodine 
value. 

Average  higher 
fatty  acids. 

Average  iodine 
value. 

gm. 

per  cent 

Ver  cent 

1 

4.8 

3.09 

2.27 

109 

2 

13.0 

3.22 

108 

2.27 

116 

3 

25.5 

2.95 

103 

2.26 

119 

4 

34.62 

3.50 

114 

2.24 

117 

5 

42.00 

5.06 

107 

2.14 

126 

6 

52.50 

11.95 

111 

1.42 

119 

7 

67.30 

13.35 

106 

2.05 

118 

8 

72.30 

13.92 

96 

2.67 

114 

9 

102.70 

15.50 

102 

2.72 

106 

A  consideration  of  the  iodine  value  affords  a  point  of  interest. 
The  average  iodine  value  of  the  fat  in  the  Uvers  of  embryos  under 
40  gm.  in  weight  is  109.  Some  of  the  figures  from  which  this 
average  has  been  calculated  are  probably  a  Uttle  low  because  in 
those  particular  instances  the  livers  were  too  small  to  provide  an 
adequate  amount  of  fatty  acid  for  an  accurate  iodine  value  deter- 
mination. However,  even  allowing  for  this,  the  evidence  in  favor 
of  the  point  which  we  wish  to  bring  out  is  sufficiently  convincing. 
The  average  iodine  value  of  the  fat  in  the  Uvers  of  embryos  over 
40  gm.  in  weight  is  104.  In  brief,  therefore,  while  in  embryos 
under  40  gm.  in  weight  the  average  higher  fatty  acid  content  of 
the  Uver  amounts  to  3.16  per  cent  having  an  iodine  value  of  109, 
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in  embryos  over  40  gm.  in  weight  the  average  higher  fatty  acid 
content  of  the  liver  is  13.10  per  cent  having  an  iodine  value  of 
104.  This  accumulation  of  fat  in  the  embryonic  liver  is  not 
accompanied  by  any  marked  decrease  in  the  iodine  value  or 
approach  to  the  value  found  in  the  connective  tissue  fat  of  the 
guinea  pig  which  is  85. 

As  previously  mentioned,  it  is  known  that,  in  the  human  liver 
and  in  that  of  other  animals  such  as  the  dog  and  cat,  an  infiltra- 
tion of  this  organ  with  fat  is  accompanied  by  a  lowering  of  the 
iodine  value  of  the  fat.  As  has  been  shown  by  Imrie  (3),  the 
actual  values  in  human  cases  approach  very  nearly  to  those  which 
may  be  calculated,  if  it  is  assumed  that  the  fat  found  over  and 
above  the  average  value  had  an  iodine  value  similar  to  that  of 
the  connective  tissue  fat. 

The  difference  between  the  above  average  fat  values  of  3.16 
and  13.10  per  cent  is  9.94  per  cent.  If  we  assume  that  this  was 
fat  infiltrated  from  the  connective  tissue  and  having  an  iodine 
value  of  85,  and  added  to  the  3.16  per  cent  having  the  mean 
iodine  value  found,  namely  109,  the  resulting  iodine  value  should 
be  91 ;  but  instead  it  is  104;  In  only  one  instance  does  the  value 
«wrtually  obtained  coincide  with  the  theoretical  value  and  in  this 
particular  instance  there  is  evidence  of  some  fatty  infiltration  in 
"the  maternal  liver,  the  influence  of  which  we  shall  discuss  later. 
"This  seems  to  show,  therefore,  that  the  fat  is  less  saturated  than 
"would  be  the  case  if  the  access  of  fat  were  due  merely  to  an  influx 
of  connective  tissue  fat. 

Leathes  and  Meyer-Wedell  (4)  believe  that  it  is  a  function  of 
iihe  liver  to  desaturate  fat  brought  to  it,  to  introduce  double 
linkages  into  the  molecule,  and  thus  prepare  it  for  subsequent 
oxidation.  When  a  fatty  infiltration  occurs  owing  to  an  abnormal 
influx  of  connective  tissue  fat,  the  liver  falls  into  arrears  in  its 
work,  the  fatty  acids  are  no  longer  desaturated  to  the  normal 
extent,  and  a  low  iodine  value  is  accordingly  found. 

The  results  here  given,  however,  seem  to  indicate  that  at  a 
certain  stage  in  the  development  of  the  embryo  there  is  a  very 
marked  increase  of  fat  in  the  liver  and  this  fat  has  not  the  char- 
acter of  connective  tissue  fat.  The  explanation  of  this  difference 
may  be  either  that  the  embryonic  liver  can  desaturate  larger 
amounts  of  imported  fat  than  the  liver  in  extrauterine  life  or  that 
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the  fat  taken  up  by  the  liver  of  the  embryo  is  fat  which  has 
ahready  been  desaturated  by  the  maternal  liver  or  other  tissues. 

Having  observed  this  physiological  infiltration  of  fat,  the  next 
point  we  considered  was  the  ultimate  fate  of  this  fat.  If  the 
purpose  of  this  accmnulation  of  fat  was  to  provide  a  readily 
available  source  of  food  for  the  embryo,  to  be  utilized  inmiedi- 
ately  after  birth,  it  seemed  reasonable  to  suppose  that  the  fat 
would  decrease  rapidly  during  the  first  2  or  3  days  of  extrauterine 
existence. 

The  fat  content  of  the  livers  of  embryos,  members  of  the  same 
litter,  is  comparatively  uniform.  In  Table  III  are  recorded  the 
results  obtained  from  the  examination  of  four  litters. 


TABLE  III. 

Litter  No. 

Weights  of  embryos. 

Higher  fatty  acids 
in  livers. 

Iodine  value. 

om. 

per  cent 

1 

55.5 

14.29 

110 

64.0 

12.47 

109 

2 

70.0 

12.00 

103 

72.0 

11.46 

101 

3 

72.0 

14.6 

92 

73.0 

15.7 

4 

101.0 

15.14 

100 

117.0 

15.22 

102 

Litters  of  guinea  pigs  after  birth  were  examined  in  the  following 
manner.  One  guinea  pig  was  killed  about  16  hours  after  birth,  the 
second  guinea  pig  of  the  same  litter  was  killed  24  hours  after  the 
first,  and  the  third  guinea  pig,  when  such  existed,  was  killed  24 
hours  after  the  second.  In  each  case  the  fat  content  of  the  liver 
and  its  iodine  value  were  determined.  In  all,  eight  litters  were 
examined.  Four  of  these  were  composed  of  three  guinea  pigs 
and  four  of  two  guinea  pigs.    The  results  are  recorded  in  Table  IV. 

In  each  litter  there  is  a  marked  decrease  in  the  fat  values  during 
the  first  2  or  3  days  of  life.  Litters  1,  2,  and  8  show  this  very 
strikingly.  The  decrease  found  in  Litter  8  is  most  marked. 
An  exceptionally  high  value  for  the  fat  in  the  liver  in  this  iosianoe 
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was  found,  but  even  so,  in  3  days,  the  value  had  dropped  to  that 
which  is  normal  for  extrauterine  life. 

We  now  proceeded  to  carry  out  the  exx)eriments  which  we 
originally  intended  to  do;  that  is,  to  mobilize  the  fat  in  pregnant 


vr^^*      -^^  m^m,^^^^    V    ^i#      ^fm.m^ 

TABLE  IV. 

m-\^m^Y        X^AAXif -^^Vf^^iM 

Litter  No. 

Ace  of  guinea  pig. 

WAight. 

Higher  fatty  acids 
in  liver. 

Iodine  value. 

kr». 

gm. 

percent 

1 

16 

62 

18.49 

101 

40 

60 

7.63 

105 

64 

79 

6.33 

104 

• 

2 

12 

78 

13.5 

104 

36 

86 

4.19 

110 

60 

87.5 

3.97 

128 

3 

16 

98 

9.09 

106 

38 

91.5 

3.89 

106 

4 

20 

54 

13.56 

110 

56 

88 

5.53 

108 

5 

30 

63 

7.33 

107 

54 

59 

4.88 

106 

80 

85 

3.38 

111 

6 

30 

85 

5.17 

109 

48 

70 

3.40 

100 

7 

24 

78 

15.50 

110 

48 

70 

5.93 

114 

8 

16 

67 

25.60 

88 

40 

74 

15.97 

91 

80 

77.5 

2.53 

108 

nal  and  embryonic  livers.  Because  of  the  normal  infiltration  of 
fat  in  the  liver  which  takes  place  during  the  later  period  of  gesta- 
tion, ftTiimftlR  were  selected  in  which  the  embryos  were  below  40 
gm.  in  weight.  The  mobiUzation  of  fat  was  effected  in  these 
animals  by  (1)  fasting,  (2)  injection  of  phlorhizin,  and  (3)  a  com- 
bination of  (1)  and  (2).    At  the  end  of  the  experimental  period 
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the  animals  were  killed  and  the  fat  determinations  made  as  in 
the  previous  experiments.  Protocols  of  the  experiments  are  now 
given. 

Experiment  1, — Pregnant  guinea  pig.  Weight  610  gm.  Received  three 
doses  of  0.05  gm.  of  phlorhizin  subcutaneously  at  intervals  of  24  hours. 
During  the  whole  period  the  animal  was  fasted  but  allowed  water. 

Weight  at  the  end  of  the  period  450  gm.      Weight  of  each  embryo  5  gm. 

The  liver  of  a  normal  embryo  at  this  age  has  the  characteristic  reddish 
color  of  normal  hepatic  tissue  but  in  the  embryos  of  this  experiment  the 
liver  was  pale  and  yellow;  in  fact  it  resembled  the  liver  seen  in  the  embryo 
during  the  last  week  or  so  of  gestation. 

Embryonic  liver,  higher  fatty  acids  9.39  per  cent,  iodine  value    93. 

Maternal       "  "         "         "      2.59    "      "  "         "       131. 

Experiment  2. — Pregnant  guinea  pig  fasted  for  3  days. 

Received  no  phlorhizin.    Average  weight  of  embryos  8  gm. 

Embryonic  liver,  higher  fatty  acids  9.65  per  cent,  iodine  value  not 
obtained. 

Maternal  liver,  higher  fatty  acids  3.04  per  cent,  iodine  value  not 
obtained. 

Experiment  5. — Pregnant  guinea  pig  treated  exactly  as  in  Experiment  1. 

Normal  weight  765  gm.    Weight  at  end  of  period  643  gm. 

Embryonic  liver,  higher  fatty  acids  13.72  per  cent,  iodine  value    95. 

Maternal       "  "  "        "       7.18    "      "  "  "      107. 

Experiment  4- — Pregnant  guinea  pig  treated  as  in  Experiment  1. 

Normal  weight  685  gm.    Weight  at  end  of  period  542  gm.  . 

Weight  of  embryo  14.5  gm. 

Embryonic  liver,  higher  fatty  acids  9.47  per  cent,  iodine  value    94. 

Maternal         "         "  "        "     3.44    "      "  "  "      122. 

Experiment  6. — Pregnant  guinea  pig  received  0.05  gm.  of  phlorhizin  .^3 
subcutaneously  on  three  occasions  at  intervals  of  24  hours.  No  fasting.  •  ^ 
Weight  of  embryo  25  gm. 

Embryonic  liver,  higher  fatty  acids  5.37  per  cent,  iodine  value  106. 

Maternal        "         "  "        "      1.80    "       "         "  "     120. 

Experiment  6, — Pregnant  guinea  pig,  fasted  for  96  hours,  received  no- 
phlorhizin. 

Normal  weight  575  gm.    Weight  at  end  of  period  420  gm. 

Weight  of  embryo  25  gm. 

Embryonic  liver,  higher  fatty  acids  9.63  per  cent,  iodine  value   95. 

Maternal        "         "  "        "      2.75    "      "  "  "      131. 

Experiment  7. — Pregnant  guinea  pig  treated  as  in  Experiment  1. 

Normal  weight  640  gm.    Weight  at  end  of  period  528  gm. 

Weight  of  embryo  30  gm. 

Embryonic  liver,  higher  fatty  acids  9.17  per  cent,  iodine  value    86. 

Maternal         **         "  "        "      4.29    "      "  "  "      122. 

Experiment  8, — Pregnant  guinea  pig  treated  as  in  Experiment  1,  yt 
the  exception  that  it  received  but  two  doses  of  phlorhizin. 
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Normal  weight  817  gm.    Weight  at  end  of  period  666  gm. 
Weight  of  embryos  30  gm. 

Determinations  were  made  upon  each  of  the  two  embryos. 
Embryonic  liver  (1)/ higher  fatty  acids  13.78  per  cent,  iodine  value  95; 
(2),  higher  fatty  acids  18.00  per  cent,  iodine  value  94. 

Maternal  liver,  higher  fatty  acids  2.80  per  cent,  iodine  value  130. 

The  results  of  these  experiments  are  given  in  Table  V  and  are 
arranged  in  the  order  of  the  increasing  weight  of  the  embryos. 

TABLE  V. 


Embryonic  liver. 

Maternal  liver. 

Weichtof 
embryo. 

Higher  fatty 
acids. 

Iodine  value. 

Higher  fatty 
acida. 

Iodine  value. 

gm. 

jtereent 

percent 

5.0 

9.39 

93 

2.59 

131 

6.0 

9.69 

3.04 

8.0 

13.72 

95 

7.18 

107 

14.5 

9.47 

94 

3.44 

122 

25.0 

5.37 

108 

1.80 

120 

25.0 

9.63 

95 

2.75 

131 

30.0 

9.17 

86 

4.29 

122 

30.0 

13.78 

95 

6.49 

103 

30.0 

18.00 

94 

6.49 

103 

The  results  of  these  experiments  show  that  in  all  the  embryos  a 
marked  fatty  infiltration  of  the  Uver  was  produced.  Even  at  as 
early  a  stage  in*  development  as  represented  by  a  weight  of  5  gm., 
the  liver  tissue  takes  up  fat.  In  the  first  six  series  of  figures  in 
Table  V  all  the  embryos  weighed  less  than  30  gm.  and  in  only 
one  of  these  instances  was  there  an  associated  infiltration  of  fat 
in  the  maternal  Uver  and  in  that  particular  instance  the  highest 
fat  value  in  the  embryonic  liver  was  obtained.  It  is  interesting 
to  note  the  fall  in  the  iodine  value  of  the  maternal  liver  fat  in 
this  instance. 

There  is  a  marked  contrast  in  the  iodine  values  of  the  embry- 
onic and  maternal  Uver  fat;  the  former  are  much  lower  than  the 
latter.  The  average  iodine  value  of  the  embryonic  liver  fat  in 
these  cases  is  95.  The  average  fat  content  of  the  embryonic 
livers  is  10.91  per  cent.  If,  as  in  the  case  of  the  physiological 
infiltration  of  fat,  in  the  embryonic  livers,  we  assume  for  purposes 
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of  calculation  that  the  fat  present  in  excess  of  the  average  amount 
is  of  the  connective  tissue  type  with  an  iodine  value  of  85,  we 
find  that  the  iodine  value  thus  obtained  would  be  91.  The  value 
actually  found  is  95.  This  result,  then,  agrees  closely  with  the 
theoretical  value  and  much  more  so  than  the  result  obtained  in 
the  case  of  the  physiological  and  slower  infiltration  of  develop- 
ment. This  seems  to  show  that  under  the  experimental  condi- 
tions the  infiltrated  fat  is  of  the  connective  tissue  type  and  as 
such  accumulates  in  the  liver  of  the  embryo. 

Experiments  similar  to  those  just  described  were  carried  out 
upon  pregnant  guinea  pigs  in  which  the  embryos  were  over  40 
gm.  in  weight,  and  in  which,  therefore,  the  physiological  infiltra- 
tion had  been  established.  Protocols  of  two  experiments  are 
given. 

Experiment  9, — Pregnant  guinea  pig  treated  as  in  Experiment  1 . 

Normal  weight  905  gm.    Weight  at  end  of  period  756  gm. 

Weight  of  embryos  56  gm. 

Embryonic  liver  (1),  higher  fatty  acids  19.39  per  cent,  iodine  value  86; 
(2),  higher  fatty  acids  20.60  per  cent,  iodine  value  82. 

Maternal  liver,  higher  fatty  acids  6.49  per  cent,  iodine  value  104. 

Experiment  10. — Pregnant  guinea  pig  treated  as  in  Experiment  1. 

Normal  weight  826  gm.    Weight  at  end  of  period  725  gm. 

Weight  of  embryos  53  and  56  gm. 

Embryonic  liver  (1),  53  gm.,  higher  fatty  acids  30.49  per  cent,  iodine 
value  87;  (2),  56  gm.,  higher  fatty  acids  24.12  per  cent,  iodine  value  88. 

Maternal  liver,  higher  fatty  acids  2.74  per  cent,  iodine  values  122. 

These  two  experiments  show  that  the  physiological  infiltrated 
fat  does  not  represent  a  maximmn  capacity.  This  is  strikin^y 
brought  out  in  Experiment  10  where  a  value  of  30.49  per  cent  was 
obtained,  and  this  fat,  it  should  be  remembered,  is  calculated 
upon  the  moist  tissue.  In  this  instance  it  is  also  of  interest  to 
note  the  absence  of  any  infiltration  of  fat  in  the  maternal  liver. 

DISCUSSION. 

The  accumulation  of  the  fat  in  the  livers  of  the  embryo  guinea 
pigs  during  the  latter  part  of  gestation,  the  unsaturated  nature 
of  the  fat,  and  its  rapid  disappearance  after  birth  suggest  that 
it  is  material  required  by  the  young  animal  after  its  communica- 
tion with  the  maternal  circulation  has  ceased.    It  is,  however. 
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possible  that  this  fat  is  not  utilized  for  the  production  of  heat 
and  energy  but  is  transferred  to  the  connective  tissues  after  being 
converted  into  fat  of  the  connective  tissue  type. 

The  question  arises  whether  this  fatty  infiltration  of  the  liver 
is  limited  to  guinea  pigs  or  whether  it  takes  place  in  other  ani* 
mals  such  as  the  dog,  cat,  or  rabbit.  Observations  upon  this 
point  have  as  yet  not  been  made.  The  guinea  pig  at  birth  is 
quite  a  mature  animal  and  is  very  active  immediately  after 
birth,  and  these  characteristics  may  in  some  way  be  associated 
with  the  fat  in  the  liver  and  its  rapid  disappearance. 

What  is  the  soiu^ce  of  the  fat  which  accumulates  in  the  liver 
during  fasting?  Is  it  derived  from  the  embryonic  or  maternal 
connective  tissue  fat?  It  is  at  present  impossible  to  say.  Some 
light  might  be  thrown  upon  the  subject  by  a  determination  of  the 
fat  in  the  embryo  after  the  removal  of  the  liver. 

Fasting  produces  a  fatty  infiltration  of  the  embryonic  Uver 
much  more  readily  than  in  the  maternal  liver.  If  the  fat  were 
maternal  in  origin,  it  would  indicate  an  avidity  for  fat  on  the 
part  of  the  embryonic  liver. 

SUMMARY. 

1.  In  the  latter  part  of  embryonic  life,  it  is  normal  for  the 
fetal  liver  in  guinea  pigs  to  contain  large  amounts  of  fat. 

2.  This  fat  has  an  iodine  value  as  high  as  is  normal  in  later 
life  when  a  much  smaller  amoimt  of  fat  is  present. 

3.  This  fat  decreases  in  the  first  48  to  72  hours  after  birth  and 
then  no  more  is  found  in  the  liver  than  later  in  life. 

4.  If  fat  is  mobilized  experimentally  by  phlorhizin  and  fasting 
in  pregnant  guinea  pigs,  with  embryos  under  40  gm.  in  weight, 
fat  accumulates  in  the  Uver  of  the  embryos,  but  the  fat  is  of  the 
connective  tissue  type. 

5.  When  the  embryos  are  above  40  gm.  in  weight,  and  the  fat 
is  mobilized,  more  fat  is  found  in  the  Uver  than  otherwise,  up  to 
30  per  cent  of  the  fresh  tissue,  and  this  fat  too  is  of  the  connective 
tissue  type. 

6.  The  infiltration  of  fat  in  the  embryonic  Uver  may  be  quite 
independent  of  any  similar  change  in  the  maternal  Uver. 

It  is  a  pleasure  to  acknowledge  oiu*  thanks  to  Professor  J.  B. 
Leathes,  Sheffield,  for  his  review  and  kindly  criticism  of  this  work. 
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SOME  EFFECTS  OF  WATER-SOLUBLE  VITAMINE 

UPON  NUTRITION.* 

By  WALTER  G.  KA.RR. 

^rom  the  Sheffield  Laboratory  of  Physiological  Chemistry ,  Yale  University, 

New  Haven,) 

(Received  for  publication,  August  4,  1920.) 

Recent  studies  have  shown  the  peculiar  r61e  of  certain 
o  called  accessory  substances  or  vitamines  in  nutrition.  The 
.bsence  of  these  factors  affects  materially  the  physiological  well 
^ing  of  the  animal  and  in  some  cases  leads  to  a  disease  typical 
or  the  lack  of  the  specific  accessory  substance.  The  data  on 
rhich  such  conclusions  are  based  have  for  the  most  part  been 
ecured  from  observations  on  small  laboratory  animals;  viz., 
>irds,  rats,  mice,  and  guinea  pigs.  No  broad  generalizations  can 
ye  made,  however,  until  the  problem  of  the  accessory  factors  has 
>een  studied  on  more  species  of  animals,  including  the  larger 
>nes.  This  is  well  illustrated  by  the  fact  that  a  diet  which  will 
'eadily  induce  scurvy  in  a  guinea  pig  will  not  produce  the  disease 
n  a  rat  with  the  same  readiness,  if  at  all.  This  study  is  a  con- 
tribution to  the  relation  of  the  so  called  water-soluble  B  vitamine 
>o  the  nutrition  of  the  dog,  with  the  metabolism  of  which  we  are 
'airly  well  acquainted. 

Dogs  were  kept  upon  standard  diets  containing  either  wheat 
gluten^  or  coDMnercial  casein*  as  the  source  of  protein,  with  the 
remaining  calorific  requirement  supplied  by  lard  and  sucrose. 
Ct  is  quite  probable  that  these  sources  of  protein  contained  traces 

*  The  data  in  this  paper  are  taken  from  the  dissertation  presented  by 
Lhe  author  for  the  degree  of  Doctor  of  Philosophy,  Yale  University,  1920. 

Part  of  the  expenses  of  this  investigation  were  defrayed  by  a  grant 
Tiom  the  Russell  H.  Chittenden  Research  Fund  for  Physiological 
Chemistry. 

*  Purchased  from  the  Pure  Gluten  Food  Company,  Columbus,  Ohio. 
'  Purchased  from  Lister  Brothers,  Incorporated,  New  York. 

255 

TUB  JOURNAL  OF  BIOLOGICAL  CHEMiaTRY,  VOL.  XUV,  NO.  2 


256       Water-Soluble  Vitamine  and  Nutrition 

of  water-soluble  vitamine,  although  the  diets  are  referred  to  in 
the  present  paper  as  being  vitamine-free.' 

Foods. — ^The  compositions  of  the  food  mixtures,  representing 
approximately  that  quantity  which  was  given  each  animal  daily 
per  kilo  of  body  weight,  were  as  follows: 

No.  1. 

gm. 

Commercial  casein  (12.7  per  cent  N). . .    6.3 
Sucrose 4.5 

SaBh::::::;:::::::::::::::::::::::  tl  l^°^**^f 2f «?• 

Saltmixture 0.2         N   and  80  cal- 

Water 2.5         °™*' 


Total 18.0 

No.  2. 

Commercial  gluten  (14.0  per  cent  N) . . .  5.7 

Sucrose 4.6 

Lard 4.3 

Bone  ash 0.4 

Salt  mixture 0.2 

Water 3.8 


Total 19.0 


Contained  0.8  gm. 
N  and  80  cal- 
ories. 


No.  3.. 

Commercial  casein  (12.7  per  cent  N) . . 

Sucrose 

Lard 

Bone  ash 

Salt  mixture 

Water 


gm. 
3.1 
5.2 
5.2 
0.4 
0.2 
0.8 


Total 15.0 


Contained  0.4  gm. 
N  and  80  cal- 
ories. 


The  salt  mixture  contained:  sodiimi  chloride,  10  gm.;  calcium  lantat^-- 
4  gm.;  magnesium  citrate,  4  gm.;  ferric  citrate,  1  gm.;  a  few  drojC^ 
I-hKI  solution. 


'  It  will  be  observed  that  the  food  used  in  the  following  experimen 
are  also  practically  free  from  the  so  called  fat-soluble  vitamine  and 
vitamine  preventing  scurvy.  While  the  animals  have  been  under  obsei 
vation  there  have  been  no  symptoms  which  might  be  taken  as  specificall 
indicative  of  the  lack  of  these  vitamines. 


W.  G.  Karr  257 

The  foods  were  made  up  in  fairly  large  quantities  and  the 
calculated  amounts  fed  in  a  single  meal  each  morning.  The 
ration  was  left  before  the  animals  for  a  period  of  1  to  3  hours 
whereupon  any  residue  was  weighed. 

Vitamine  Preparations. — ^The  following  sources  of  the  so  called 
water-soluble  B  vitamine  were  used  in  the  experiments: 

A.  Brewery  Yetiet, — ^A  dried  commercial  product.*  Nitrogen,  7.2; 
moisture,  9.1;  ash,  6.6  per  cent. 

B.  Auioclaved  Brewery  Ye<ut, — Some  of  Product  A  was  moistened  and 
Butoclaved  for  3  to  4  hours  at  20  pounds  pressure,  then  dried  in  the  hot 
air  oven  at  108®C.  for  72  hours.    Nitrogen,  7.8  per  cent. 

C.  Redried  Brewery  Yeaet, — Some  of  Product  A  was  moistened  and 
dried  in  the  hot  air  oven  at  lOS^C.  for  72  hours.    Nitrogen,  8.2  per  cent. 

D.  Bakers^  Yeast, — A  moist  commercial  yeast*  was  dried  in  the  hot 
air  oven  at  108®C.  for  72  hours.  Nitrogen,  6.1  per  cent.  This  preparation 
contained  an  admixture  of  starch. 

E.  Milk, — A  pasteurized  dairy  milk,  some  of  which  was  further  steril- 
ised in  the  laboratory  by  heating  in  a  boiling  water  bath  for  30  to  60 
minutes. 

F.  Tomatoes, — Canned  tomatoes  were  squeezed  as  much  as  possible 
through  cheese-cloth  so  as  to  produce  a  fine  suspension.  Nitrogen,  0.14 
per  cent;  solids,  4.5  per  cent. 

G.  Concentrated  Vitamine  Extract, — A  crude  preparation  was  made 
according  to  the  directions  of  Osborne  and  Wakeman.*  The  fraction  pre- 
cipitated by  80  per  cent  alcohol  was  reprecipitated  and  dissolved  in  water. 
That  obtained  from  165  gm.  of  Yeast  A  was  dissolved  in  200  cc.  of  water. 
Nitrogen,  0.52  per  cent. 

EXPERIMENTAL. 

Most  of  the  dogs  consumed  the  diet  readily  at  first,  subse- 
quently they  refused  a  part,  and  ultimately  failed  to  eat  any 
whatever  of  the  mixtures  unless  vitamine-containing  food  was 
given.  A  number  of  the  animals  which  continued  to  ingest  the 
vitamine-free  foods  for  a  longer  period  developed  pathologic 
symptoms. 

Water-Soluble  B  Vitamine  and  Food  Intake. — In  all  animals 
which  refused  the  whole  or  part  of  their  diet  the  desire  to  eat 
could  be  quickly  restored  by  the  ingestion  of  a  substance  con- 

•  Supplied  by  Hinckel  Brewery,  Albany,  N.  Y. 

•  Marketed  by  Fleischmann  Company,  New  York. 

•  Osborne,  T.  B.,  and  Wakeman,  A.  J.,  J.  Biol,  Chem.,  1919,  xl,  383. 
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taining  water-soluble  vitamine.  The  plan  of  the  experiments 
was  to  feed  the  vitamine-free  food  imtil  the  dog  refused  part  or 
the  whole  of  it  for  a  number  of  days,  then  feed  the  accessory 
substance  and  note  the  effect  on  the  food  intake.  The  prepara- 
tion of  water-soluble  vitamine  was  given  apart  from  the  food 
after  the  meal  had  been  offered  in  the  morning,  hence  it  could 
not  afifect  the  palatabihty  of  the  ration. 

Charts  1  to  29  illustrate  the  relation  of  the  vitamine  to  food 
intake.  The  maximum  ordinate  represents  the  food  in  grams 
offered  to  the  dog  to  eat.  In  the  shaded  portion  is  plotted  its 
actual  daily  food  intake. 
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Brewery  Yeast  as  the  Source  of  Vilaminn. 


-Chabt  1.  Dog  X,  days  24  to  38,         Chabt  2.  Dog  B,  days  39  to  50, 
Food  3.  Food  1. 


-<:hart  3.  Dog  S,  days  20  to  35,        |Cbabt  4.  Dog  F,  days  19  to  31 
Foods.  Food  I. 
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Bakers'  Yea»t  as  the  Source  of  Vitamine, 


Chaet  7.  Dog  I,  days  101  to  122,  Food  I. 

Tomato  as  the  Source  of  Vitamine. 


+  looao.touf 0  r 


Chabt  8.  Dog  I,  days  141  to  157,  Food  1. 


Chart  9.  Dog  P,  dfkys  41  to  G7,  Chart  10.  Dog  J,  days  143 

Food  2.  to  157,  Foodl. 


W.  G.  Karr 


2S1 


MUk  aa  the  Source  ttf  Viiamme. 

i..  B 

CauT  11.  Dog  1,  iaym  23S  to  251^  Food  1. 


9    DIETf  jOKiBI'  ■ 


]  Dtn^toeafl.  i 


Cbabt  12.  Dog  J,  dajB  224  to  2 
Foodl. 


Chart  13.  Dog  L,  dajra  17B 
to  187,  Food  1. 


To  eliminate  the  posaibiEty  that  this  phenomenon  of  renewed 
appetite  might  be  due  to  the  supplementing  action  of  the  protein 
in  the  vitamine  preparation,  experiments  were  conducted  with  a 
eaneoitrated  -vitamine  extract. 


Water-Soluble  Vitamine  and  NutritioQ 
Experiments  toith  Concentrated  Extract. 


\ 


Chast  14.  Dog  Q,  days  41  to  S8,  Food  1. 


Chart  15.  Dog  0,  days  92  to  106,  Food  2. 

To  control  further  the  poeaible  supplemeoting  action  trf  pro— *^^*'" 
teins,  10  to  15  gm.  of  casein  diet,  No.  1,  were  given  to  an  animaC-^^^ 
which  waa  being  offered  gluten  diet,  No.  2;  this  provoked  nc^*** 
increase  in  the  food  intake  (see  Appendix,  protocol  for  Dog  0^^^' 
days  90  to  95). 

That  the  f^ure  of  appetite  is  actually  associated  with  the  lacl0^^ 
of  vitamine  is  further  shown  by  the  fact  that  it  does  not  ocour*^*" 
when  the  accessory  food  factor  is  furnished  from  the  very  starts*"* 
along  with  the  vitamine-free  food.  Dog  L  (see  Appendix,  pro— — ^^ 
tocol  for  Dog  L,  days  1  to  120)  was  placed  on  casein  diet,  No.  1,  «  -^' 
to  which  were  added  3  gm.  of  Yeast  A  daily.  This  animal  con-  "^'^ 
tinued  to  eat  throughout  a  period  of  120  days,  was  in  good  health,  ^^^^ 
and  gained  weight  when  the  diet  was  increased  in  amount.  The  ^^^ 
longest  period  that  any  animal  continued  on  the  same  diet  with-  "'^ 
out  vitamine  was  68  days  (see  Appendix,  protocol  for  Dog  G,  « 
days  1  to  68). 

Two  animals  were  fed  quantities  of  10  to  15  gm.  of  butter  *** 
(eee  Appendix,  protocols  for  Dogs  L  and  I)  to  ascertain  whether      '^' 


W.  G.  Karr 


263 


or  not  the  fat-soluble  vitatntne  might  influence  the  appetite. 
No  appreciable  increase  in  the  food  intake  was  noted. 

Experiments  on  the  Destruction  of  the  Vitamine. — ^To  determine 
the  influence  of  drying  the  vitamine  preparation  at  temperatures 
near  lOCC.  experiment  i  were  conducted  with  Yeast  C  (Charts 
16,  17,  18). 


Chabt  le.  Dog  Q,  d&ja  82  to  9 
Foodl. 


Chart  17.  Dog  *•  days  74  to  83, 
Food  2, 


gDittrrj(aM.T»if  a 


Chabt  18.  Dog  I,  days  197  to  224,  Food  1. 


These  data  indicate  that  little  or  no  vitamine  was  destroyed 
by  drying  at  temperatures  near  IWC. 

To  detenaine  the  influence  of  still  higher  temperatures  Yeast 
B  was  fed  (Charts  19,  20,  21,  22). 

Some  of  the  accessory  substance  had  apparently  been  destroyed, 
as  it  required  considerably  more  of  this  preparation  to  provoke 
the  ingestion  of  the  regular  ration. 
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Chabt  19.  Dog  E,  days  86  to  102,  Food  1. 


Chart  20.  Dog  P,  ivja  63  to  77,  Food  2. 


Chakt  21.  Dog  J,  daya  267  to  277, 
Food  1. 


Chabt  22.  Dog  B,  days  63  to  74, 
Foodl. 


Quantitative  Relations. — 1.5  gm.  of  Yeast  A  have  in  all  cases 
been  sufEcient  to  bring  the  food  intake  back  to  normal,  and 
often  0.5  gm.  was  sufficient,  while  with  Yeast  D  3  gm.  were  = 
approximately  the  minimum  which  would  produce  this  result. 
Charts  23  and  24  show  a  direct  comparison  between  Yeasts  A  - 
and  D,  while  Chart  25  shows  clearly  the  destruction  of  vitamine  * 
in  Preparation  B, 
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*  i*M.  niH    B 


Chart  23.  Dog  I,  days  153  to  164.  Food  1. 


Chaht  24.  Dog  J,  days  73  to  M,  Food  2. 


Ghabt  25.  Dog  L,  days  151  to  161,  Food  1. 


100  cc.  of  tomato,  Preparation  F,  were  often  effective  while 
200  cc.  have  not  failed  to  restore  the  food  intake.  50  to  150  cc. 
of  milk  have  proved  aufficient. 

Charts  26,  27,  28,  and  29  show  the  effect  of  gradually  increas- 
ing amounts  of  vitamine  preparation  added  to  the  diet  until 
the  finimalfl  consumed  the  total  amoimt  of  food  offered. 

A  rather'definite  minimum  amount  of  water-aoluble  vitamine 
Beema  to  be  necessary  to  sustain  the  desire  to  partake  of  food 
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Chart  26.  Dog  J,  days  102  to  126,  Food  2. 


I    BtEt 

I    DIlTXM.niSt   3 


Chart  27.  Dog  J,  days  102  to  210,  Food  1. 


M 


tt^jaoo.TOHiTS  r 


Chart  28.  Dog  S,  days  34  to  56,  Food  3, 


M^Ma.  UK  ■ 


Chart  29.  Dog  P,  days  144  to  159.  Food  1, 
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which  is  otherwise  adequate  for  the  nutrition  of  the  animal. 
The  quantity  varies  with  the  animal.  0.5  gm.  of  Yeast  A  was 
sufficient  for  some  animals  while  others  required  1.5  gm.,  and  in 
a  similar  way  the  requisite  amounts  of  the  other  vitamine  prepa- 
rations vary.  The  needs  for  the  same  animal  seem  to  be  quite 
constant.  Dog  J,  which  was  refusing  most  of  the  gluten  diet, 
No.  2,  offered,  was  given  3  gm.  of  Yeast  D.  This  increased  the 
food  intake,  but  was  not  quite  adequate  to  cause  the  ingestion  of 
all  the  food.  120  days  later  when  the  animal  was  on  a  casein 
food  and  in  better  nutritive  condition  it  was  again  given  3  gm.  of 
Yeast  D.  This  amount  again  was  not  sufficient  to  cause  the 
ingestion  of  the  entire  diet,  but,  following  this  period,  4  gm. 
w^ere  found  to  be  effective.  The  quantitative  requirements  of 
this  animal  were  very  similar  under  widely  different  circum- 
stances (see  Charts  24  and  27).  Furthermore,  animals  which 
require  a  larger  dosage  of  one  vitamine  preparation  will  require 
correspondingly  larger  dosages  of  the  other  preparations. 
Amounts  of  vitamine  not  adequate  to  cause  the  ingestion  of  all 
the  offered  food,  nevertheless,  generally  increase  the  food  intake 
perceptibly. 

In  two  cases  (see  Appendix,  protocols  for  Dog  H,  days  82  to 
86,  and  Dog  E,  days  66  to  75)  the  animals  were  allowed  to  remain 
in  a  state  of  inanition  and  became  very  emaciated.  Attempts  to 
resuscitate  the  desire  of  these  animals  to  eat  failed  even  though 
large  quantities  of  yeast  were  given.  One  recovered  when  milk 
was  given  by  sound;  the  other  was  not  given  milk  and  died. 

Pathologic  Symptoms  of  Vitamine  Deficiency. 

In  certain  animals  which  continued  to  eat  their  food  for  a 
longer  time  than  others  without  the  addition  of  any  accessory 
substance,  there  appeared  typical  pathologic  symptoms  (see 
Appendix,  protocols  for  Dogs  F,  G,  I,  M,  R).  The  animals 
first  vomited,  became  inactive,  refused  their  food,  and  then 
developed  characteristic  polyneuritic  symptoms.  The  animals 
could  not  walk,  finally  could  not  stand,  and  generally  lay  with 
their  legs  sprawled  out  at  the  side.  They  were  seized  with 
severe  tetanic  convulsions  especially  when  handled,  removed 
from  the  cage,  or  set  down  quickly  on  the  floor.    The  head  was 
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in  motion  and  there  were  often  tremors  and  twitchings  of  the 
muscles.  These  symptoms  are  comparable  with  those  described 
by  Voegtlin  and  Lake  J  Either  the  losis  of  control  of  the  legs  or 
the  convulsions  may  appear  first.  The  above  authors  do  not 
mention  the  preliminary  vomiting  and  they  lay  stress  on  the  loss 
of  body  weight  which  from  the  present  data  seems  only  concomi- 
tant with  the  lowered  food  intake,  as  some  of  the  animals  main- 
tained their  weight  imtil  they  refused  the  food,  a  short  time  before 
the  polyneuritic  S3m[iptoms  became  apparent  (see  protocols  for 
Dogs  G,  M,  R).  Dog  I  which  had  a  lowered  food  intake  grew 
very  emaciated  before  developing  the  symptoms. 

These  pathologic  symptoms  could  be  alleviated  and  practically 
eliminated  within  a  period  of  a  few  hours  by  administering  water- 
soluble  vitamine  in  the  form  of  brewery  yeast  or  tomato.  Dog 
G  which  had  the  most  severe  convulsions,  numerous  and  occur- 
ring frequently,  and  had  no  use  of  its  legs,  was  given  5  gm.  of 
Yeast  A  and  when  observed  8  hours  later  was  able  to  run  irom  its 
cage  with  a  slight  loss  of  control  of  the  hind  legs  as  the  only 
apparent  symptom  remaining.  Dog  S,  having  severe  convul- 
sions, was  given  3  gm.  of  Yeast  A  which  was  sufficient  to 
eliminate  all  polyneuritic  symptoms  and  cause  the  animal  to 
consume  all  its  food  for  a  number  of  days  afterwards.  40  days 
later  the  animal  again  became  polyneuritic  and  was  cured  by 
administering  400  cc.  of  tomato.  Preparation  F.  After  60  days 
the  animal  developed  the  third  attack  of  pol3aieuritis.  It  waa 
fed  10  gm.  of  Yeast  D,  and  showed  no  improvement  the  follow- 
ing day  when  it  was  given  a  20  gm.  dose.  The  animal  died  dur- 
ing the  night.  It  is  very  probable  that  the  bakers'  yeast  was 
much  less  efficacious  in  alleviating  polyneuritic  S3m[iptoms  than 
equivalent  amounts  of  brewery  yeast.  Dog  F  was  given  doses 
of  3  gm.  of  Yeast  A  without  any  beneficial  result  and  later  died. 
The  dog  was  at  the  time  nursing  three  yoimg  which  might  have 
been  a  sufficient  drain  on  the  mother's  source  of  vitamine  so  that 
the  dose  of  3  gm.  produced  no  curative  effeqt.  This  dog  only 
showed  paralytic  symptoms  of  the  legs  and  had  no  convulsions. 
Dog  G  at  the  second  attack  of  the  disease  was  given  a  dose  of  3 
gm.  of  Yeast  A  without  any  alleviation  of  the  symptoms  and  was 

^  Voegtlin,  C,  and  Lake,  G.  C,  Am.  J.  Physiol.,  1918-19,  xlvii,  558. 
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given  10  gm.  the  next  day  when  its  condition  was  so  bad  that  no 
hope  of  recovery  was  entertained.  Its  temperatiu-e  at  this  time 
was  28**C.  Dog  M  differed  from  the  other  animals  in  that  it 
died  rather  suddenly  before  having  exhibited  many  of  the  char- 
acteristic symptoms. 

SUMMARY  AND  CONCLUSIONS. 

Some  relation  exists  in  the  dog  between  the  desire  to  partake 
of  food  and  the  amoimt  of  the  so  called  water-soluble  B  vitamine 
ingested. 

Brewery  yeast,  bakers'  yeast,  tomatoes,  and  milk  were  investi- 
gated and  foimd  to  be  sources  of  this  appetite-provoking  sub- 
stance. Quantitative  data  are  presented  to  show  the  relative 
potency  of  the  various  products  investigated.  The  brewery 
yeast  tested  was  much  more  potent  than  bakers'  yeast. 

Drying  at  100**C.  does  not  affect  the  eflScacy  of  these  vitamine 
preparations,  but  autoclaving  at  120**C.  for  3  to  4  hours  leads  to 
some  destruction. 

Mammalian  polyneuritis  was  induced  in  several  animals  and 
the  S3rmptoms  were  alleviated  within  a  few  hours  by  the  ingestion 
of  brewery  yeast  or  tomatoes,  substances  rich  in  water-soluble 
Vitamine. 

The  writer  desires  to  expreFS  his  gratitude  to  Professor  Lafa- 
yette B.  Mendel  for  his  suggestion  of  the  problem  and  for  his 
generous  advice  and  interest  throughout  the  course  of  this  inves- 
tigation. 

APPENDIX. 

Dog  B.— Offered  170  gm.  of  Food  1  daily. 

Ate  food  for  the  first  24  days  whereupon  the  food  intake  diminished. 
X>ky8  42  to  45.  Fed  brewery  Yeast  A  (see  Chart  2).  Days  67  to  73.  Fed 
^^utoclaved  Yeast  B  (see  Chart  22). 

^^Body  weights: 

Day 1         8        15       222936455263 

Kilos 11.5    10.7    10.9    10.7    10.7    10.2    10.0    10.0     9.7 

Dog  jET.— Offered  daily  110  gm.  of  Food  1. 

During  the  first  8  days  the  animal  was  given  3  gm.  of  Yeast  A  in  addi- 
"^ioQ  to  its  food,  after  which  it  continued  to  eat  its  food  and  nourish  a 
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litter  of  three  pups  until  the  33rd  day  when  it  began  to  refuse  part  of  its 
food.  It  continued  on  thi?  lowered  food  intake  until  the  66th  day  where- 
upon it  had  become  very  emaciated.  It  was  given  on  4  successive  days, 
5  gm.  of  Yeast  D,  10  gm.  of  Yeast  D,  5  gm.  of  Yeast  A,  and  5  gm.  of  Yeast 
A,  which  provoked  no  ingestion  of  food.  It  was  then  fed  250  cc.  of  milk 
for  3  days  and  on  the  following  day  ate  the  regular  diet.  The  diet  was 
increased  to  130  gm.  On  the  89th  day  it  again  refused  its  food  where- 
upon it  was  fed  2  gm.  of  Yeast  B  daily  which  provoked  the  food  intake  rep- 
resented in  Chart  19.  The  animal  died  on  the  120th  day  and  the  autopsy 
showed  diseased  lungs. 

Body  weights: 

Days... 8      20      34      42      48      57      62      67      75      80      87      94      119 

Kilos... 6.6     5.1     4.7     4.6     4.6    4.2     3.9     3.6    3.3     3.7     3.9     3.7       3.3 

Dog  F.— Offered  daily  180  gm.  of  Food  1. 

Ate  well  for  the  first  18  days  whereupon  she  gave  birth  to  four  young. 
She  then  refused  part  of  her  food  and  on  the  22nd  day  ate  none.  Fed  3 
gm.  of  Yeast  A.  Consumed  regular  diet  (see  Chart  4).  Continued  to  eat 
and  was  fed  3  gm.  of  Yeast  A  daily  during  days  30  to  35.  On  the  36th 
day  the  dog  lost  control  of  its  hind  legs  and  could  hardly  stand.  It  was 
given  3  gm.  of  Yeast  A  in  a.m.  and  3  gm.  more  in  p.m.  On  the  37th  day 
the  dog  was  about  the  same  in  a.m.  but  worse  in  p.m.  It  lay  with  its 
legs  sprawled  out  at  the  side  and  could  not  raise  its  head.  It  was  able  to 
wag  its  tail  and  was  in  no  apparent  pain.  On  the  morning  of  the  38th 
day  the  dog  was  found  dead.  (Dog  had  a  marked  polyuria  during  the 
whole  period  under  observation.) 

Body  weights: 

Days 1  7        15        19        25        31 

Kilos 10.0      9.6      9.6      8.8      7.6      7.7 

Dog  G.— Offered  140  gm.  of  Food  1. 

Dog  ate  food  well  until  the  63rd  day  when  it  vomited  a  portion.  It 
vomited  its  food  for  3  or  4  days  and  on  the  67th  day  lay  down  most  of 
the  time.  On  the  68th  day  the  dog  for  the  first  time  did  not  eat  its  food.  It 
spasmodically  lost  control  of  its  legs  when  they  shot  out  at  the  side  of  the 
body  and  the  head  was  drawn  to  one  side.  On  the  69th  day  its  condition 
was  about  the  same  and  it  continued  to  refuse  food.  The  next  day  the  ani- 
mal sat  with  its  hind  legs  sprawled  out  at  the  side  and  could  not  walk. 
71st  day.  Head  shook;  some  tremors  of  the  leg  muscles;  spasmodic  tetanic 
convulsions  when  dog  straightened  the  fore  legs  out  front  and  the  hind 
legs  to  the  rear  with  the  head  thrown  back.  This  occurred  especially  when 
the  dog  was  set  on  the  floor.  11:30  a.m.  was  given  5  gm.  of  Yeast  D  by 
sound.  3  p.m.  the  dog  was  much  worse.  The  convulsions  were  more  severe, 
the  dog  throwing  itself  over  on  its  side  and  banging  its  head  on  the  floor. 
These  occurred  every  2  or  3  minutes  while  the  dog  was  under  observation 
outside  the  cage.    3:30  p.m.  given  5  gm.  of  Yeast  A  by  sound.    12  mid- 
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night,  dog  ran  from  the  cage.  All  nervous  symptoms  were  gone  except 
that  it  did  not  have  full  control  of  its  hind  legs,  a  condition  which  per- 
sisted for  a  few  days.  Th.e  next  day  the  dog  ate  all  its  food.  On  the  98th 
day  the  vitamine  was  again  removed.  The  dog  continued  to  eat  well  again 
until  the  145th  day  when  it  refused  its  food.  It  continued  to  refuse  its 
food  for  5  days  when  polyneuritic  symptoms  began  to  be  noted.  It  had 
some  convulsions  and  walked  with  difficulty.  151st  day.  1  p.m.,  the  dog 
was  given  3  gm.  of  Yeast  A.  152nd  day.  The  dog  was  much  worse;  tem- 
perature 28.3^C.  It  was  given  10  gm.  of  Yeast  A  in  the  a.m.  but  the 
animal's  condition  was  so  bad  that  no  hope  of  recovery  was  entertained  and 
it  died  during  the  night. 

Body  weights: 

Day....l        7        13       2228344046        52        59 
Kilos  .  .8.1    7.8      7.6      7.4      7.2      7.2      7.4      7.1      7.3      7.2 

Day 67       71        74       77       81        84       91        103        109 

Kilos 6.9      6.3      66      6.9      6.9      68      6.9       68       7.1 

a 

Day 116        123        136        142        151 

Kilos 7.2        7.2        7.2        7.4        6.3 

Dog  ^.—Offered  185  gm.  of  Food  1  daily. 

The  dog  ate  well  for  8  days,  refused  part  of  food  for  9  days,  and  ate 
I  ittle  for  7  days  when  it  refused  food.  25th  day.  Fed  4  gm.  of  Yeast  A  (see 
CUhart  5).  Yeast  was  discontinued  on  the  36th  day.  Ate  all  until  the 
'^7th  day  and  from  then  until  the  80th  day  generally  ate  a  small  portion 
f  its  food.  The  animal  became  at  this  time  very  emaciated  without 
eveloping  any  polyneuritic  symptoms  and  was  evidently  in  a  starving 
:ondition.  Attempts  were  made  to  cause  it  to  eat  some  food  by  feeding  on 
recessive  days:  3  gm.  of  Yeast  D,  10  gm.  of  Yeast  D,  5  gm.  of  Yeast  A, 
O  gm.  of  Yeast  A,  10  gm.  of  Yeast  A;  but  the  dog  refused  to  eat  and  died 
»  the  86th  day.  Inanition  had  evidently  proceeded  too  far  for  the  yeast 
mfluence  the  appetite. 


3<^dy  weights: 

Day 1  7        13        19        25  31  37  43  49 

Kilos 12.0    11.6    11.3    10.4      9.6  10.0  10.3  10  6  10  9 

Day 56  63  71  77  84 

Kilos 9.9      9.3      8.8  8.5      7.0 


/.—Offered  110  gm.  of  Food  1  daily. 
te  food  well  for  20  days.     For  the  next  25  days  it  ate  a  portion  of  its 
each  day  with  an  a  verge  food  intake  of  55  gm.    45  th  day.    The  dog 
^^  hardly  stand,  the  hind  legs  more  paralyzed  than  the  fore;  the  head 
in  motion  from  side  to  side.    10  a.m.  it  was  fed  5  gm.  of  Yeast  A,' 
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5  p.m.  much  improved  and  ran  from  the  cage  with  only  a  slight  wobble  in 
its  hind  legs.  The  dog  was  in  poor  nutritive  condition  and  was  fed  yeast 
with  an  increased  diet  in  order  that  it  might  gain  weight.  Tlst  day.  The 
yeast  was  discontinued  and  the  food  offered  daily  was  now  130  gm.  of  No.  1. 
85th  to  105th  days.  Ate  only  part  of  its  food.  106th  to  123rd  days.  Experi- 
ments were  conducted  with  bakers'  yeast  (see  Chart  7).  147th  day.  Again 
refused  part  of  its  food.  Experiment  was  conducted  with  tomatoes  as  an 
accessory  (see  Chart  8).  This  was  followed  by  an  experiment  in  which 
1  gm.  of  Yeast  D  was  compared  with  1  gm.  of  Yeast  A  (see  Chart  23). 
The  dog  again  in  poor  nutritive  condition  was  given  an  increased  diet 
with  2  gm.  of  Yeast  A  daily.  It  was  placed  on  the  regular  diet  at  the 
180th  day.  For  the  next  period  of  13  days  the  animal  was  given  10  to  15 
gm.  of  butter  daily  in  order  to  determine  whether  or  not  the  fat-soluble 
vitamine  might  have  any  effect  on  the  appetite.  No  appreciable  increase 
in  the  food  intake  was  observed.  200th  day.  Accessory  Preparation  C  was 
tried  (see  Chart  18).  The  animal  was  without  accessory  from  the  208th 
to  the  239th  day  when  experiments  with  Milk  E  as  accessory  were  tried 
(see  Chart  11).  Days  251  to  264.  No  accessory.  265th  day.  Fed  2  gm. 
of  Yeast  C  which  caused  it  to  consume  all  its  food  for  4  days.  Days  272 
to  275.  Fed  Yeast  B. 

Body  weights: 

Day 1        7        19       25       31        37       45       52       59        67 

Kilos 6.9    6.4      6.3      5.8      5.4      5.1      4.5      5.1      5.1      5.5 

Day 74       81        88       98        106        113        120        133        142 

Kilos 5'9      6.1      5.8      5.3       4.9       5.2       4.7       4.6        4.9 

•Day.  ..148        155        162        169        176        183        190        197        204 
Kilos..    4.8       4.8       4.6       5.2       5.7        5.4       5.5       5.3        5.3 

Day 211        218        225        232        239        248        256        267 

Kilos 5.4       5.7       5.5       5.6       5.3        5.5       5.5        5.2 

Dog  J, — Offered  115  gm.  of  Food  2  (gluten)  daily. 

First  75  days  the  animal  was  used  for  metabolism  experiments  and 
had  received  Accessory  A  on  certain  days.  At  the  end  of  the  period  it 
was  in  rather  poor  nutritive  state.  73rd  to  94th  days.  See  Chart  24. 
102nd  to  126th  days.  See  Chart  26.  125th  to  133rd  days.  Yeast  discon- 
tinued, eats  part  of  food.  134th  day.  Changed  to  100  gm.  of  Food  1. 
After  this  change  of  protein  the  dog  consumed  the  whole  diet  for  6  days 
after  which  food  intake  decreased.  143rd  to  157th  days.  See  Chart  10. 
It  was  now  supplied  with  all  the  food  that  it  would  eat  together  with  2 
gm.  of  Yeast  A  daily  in  order  that  it  might  gain  weight.  177th  day. 
Placed  on  diet  of  110  gm.  of  Food  1.  192nd  to  215th  days.  See  Chart 
27.  223rd  to  240th  days.  See  Chart  12.  From  this  period  on  it  was  con- 
tinued on  the  same  diet  and  used  for  other  experiments.  Days  270  to  275. 
Fed  Yeast  B  (see  Chart  21). 


w. 

G.  Karr 

c 

B< 

3dy  weights: 

Day 1 

Kilos..  .6.6 

7 
6.4 

13 
6.2 

19 
6.2 

25        31 

5.8      5.4 

37       47 
5.5      5.5 

52 
5.7 

59 
5.5 

Day... 

Kilos. 

.67 

..  4.8 

74 
4.i 

81       88       06        103 
>      4.4      4.2      4.4        4.5 

109 
4.2 

116 
4.2 

123 
4.1 
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Day 133   142   148   155   162   169   176   183 

Kilos 4.0   4.1    3.8   4.5   4.7   5.0   5.7   5.5 

Day 190        197       204       211       218       225       232       239 

Kilos 5.7       5.2       5.1        5.3       5.3       5.2       5.5       5.5 

Day 248       256       267 

KUos 6.2       5.9       5.8 

Dog  L.— Offered  130  gm.  of  Food  1  daily. 

1st  to  120th  days.  Given  3  gm.  of  Yeast  A  daily.  It  ate  the  food  very 
readily  for  the  first  90  days.  During  the  last  30  days  it  seemed  to  tire  of 
the  diet  to  some  extent  and  would  occasionally  leave  a  small  amount  of 
its  food.  It  was  a  rather  young  dog  and  between  the  30th  and  80th  days 
its  diet  was  increased  to  180  gm.  with  the  resultant  increase  in  body 
weight.  Dog  was  now  offered  150  gm.  of  Food  1  daily.  During  the  next  20 
days  the  food  intake  gradually  declined  to  a  small  amount  each  day. 
140th  to  147th  days.  Given  10  to  15  gm.  of  butter  to  determine  the  effect 
of  the  fat-soluble  vitamine.  The  food  intake  was  not  increased.  148th 
to  156th  days.  See  Chart  25.  156th  to  181st  days.  Food  intake 
<iecreased  with  no  accessory  added.  182nd  to  186th  days.  See  Chart  13. 
The  dog  had  developed  a  skin  disease  and  was  killed. 

Body  weights: 

Day....l        815       22283542        49        5460 
Kilos. ..6.6    6.7      6.6      6.6      6.6      6.8      6.9      6.9      6.9      7.2 

Day.... 67   74   84   93   99   106   113   120   127 
Kilos...  7.4   7.6   7.6   7.9   7.8   8.0   8.1   8.3   8.3 

Day 134   141    148   155   162   169   176   183 

Kilos 8.3   7.7   7.3   7.3   7.5   7.8   7.4   7.4 

Dog  3f .--Offered  125  gm.  of  Food  1  daily. 

Ate  whole  diet  for  21  days  after  which  the  food  intake  was  more  or 
less  decreased  until  the  61st  day  when  the  dog  vomited  some  for  2  days. 
<3rd  day.  Refuses  its  food.  During  the  next  3  days  symptoms  of  poly- 
neuritis developed.  It  walked  with  difficulty;  the  head  shook  some.  67th 
<i&y.  Slight  convulsions.  Condition  not  considered  very  serious  and  was 
not  treated  with  accessory.    Died  during  the  night. 
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Body  weights: 

Day 4        11        19        25        32        39        49        M        60        64 

Kilos 6.5      6.5      6.4      6.3      6.4      6.2      6.3      6.9      6.2      5.4 

Dog  0.— Offered  130  gm.  of  Food  2  daily. 

First  50  days  was  used  for  other  experiments.  50th  to  89th  days.  Food 
intake  decreased  on  no  accessory.  90th  to  95th  days.  Fed  10  to  15  gm.  of 
Food  1.  There  was  no  increase  in  food  intake.  96th  to  100th  days.  See 
Chart  15.  The  dog  died  on  the  107th  day.  The  autopsy  showed  no  gross 
abnormalities  except  feces  very  tightly  packed  in  the  large  intestine. 

Body  weights: 

Day 54        64        71        74        84        93        99        106 

Kilos 5.4      5.0      4.7      4.7      4.7      4.6      4.5        4.5 

Dog  P.— Offered  150  gm.  of  Food  2  daily. 

Ist  to  33rd  days.   Ate  the  whole  diet  offered.    34th  to  46th  days.  Food 
intake  diminished  near  the  end.    41st  to  57th  days.    See  Chart  9.    58th  to 
75th  days.    See  Chart  20.    76th  to  83rd  days.    See  Chart  17.    84th  to  lOOtb 
days.  Appeared  sick  and  ate  only  a  part  of  its  food.    101st  day.  Diet  wa^JS 
changed  to  140  gm.  of  Food  1.  101st  to  143rd  days.  Ate  part  of  its  foo-A 
whereupon  milk  experiments  were  tried  on  144th  to  159th  days  (see  Cha*-"^ 
29).    160th  to   165th  days.    Food  intake  dropped  whereupon  Yeast        ^ 
was  fed.  The  dog  was  removed  from  the  diet  on  the  173rd  day  in  go^r*^ 
condition. 

Body  weights: 

Day....l        5        12        19        29        38        44        51        58        65 
Kilos.   .7.8    7.9      7.6      7.3      7.1      7.2      6.7      6.7      6.3      6.3 

Day 72        93        100        107        114        121        128        135 

Kilos 63      6.1        6.1        6.0        6.3        6.2        6.0        6.0 

Day 144        152        163 

Kilos 5.8        5.6        5.9 

Dog  Q.— Offered  110  gm.  of  Food  1  daily. 

Animal  ate  food  for  the  first  20  days  when  the  food  intake  diminishc^^^ 
46th  to  49th  days.  Yeast  G  was  given  (see  Chart  14).    86th  to  90th  da] 
Redried  brewery  Yeast  C  was  fed  (see  Chart  16).    The  dog  later  refus 
to  eat  and  died  on  the  99th  day.    The  cause  of  death  was  unknown. 

• 

Body  weights: 

Day....l        5        12        19        29        38        44        51        58        65 
Kilos. .5. 3    5.4      5.3      5.4      5.2      5.2      5.1      5.4      5.1      4.9 

Day 72       79       86       93 

Kilos 4.5      4.8      4.6      5.0 
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Dog  ij.— Offered  115  gm.  of  Food  3  daily. 

The  animal  was  coaxed  to  eat  the  food  for  the  first  few  days  by  add- 
ing a  little  milk.  It  ate  the  food  until  the  21st  day  when  the  food  intake 
decreased.  30th  to  52nd  days.  Fed  Yeast  D  (see  Chart  6).  It  ate  little 
on  58th  to  60th  days  and  on  the  61st  day  developed  polyneuritic  symp- 
toms. The  dog  had  spasmodic  convulsions  but  the  legs  were  not  paralyzed 
to  any  extent.  On  the  next  day  the  convulsions  were  worse,  but  the  dog 
could  still  stand  on  its  legs.  It  was  fed  3  gm.  of  Yeast  A  in  a.m.  63rd 
day.  The  polyneuritic  symptoms  were  absent.  64th  day.  It  ate  one-half 
its  food.  65th  to  77th  days.  Ate  whole  of  the  diet  without  further  addi- 
tion of  yeast.  78th  to  103rd  days.  The  dog  was  on  a  diminished  food  intake 
and  again  developed  polyneuritic  symptoms.  106th  day.  400  cc.  of  Tomato 
F  were  given  by  sound  but  the  dog  vomited  most  of  it  soon  and  was 
not  improved  the  next  day  when  400  cc.  more  were  given  which  it 
retained.  The  dog  had  recovered  by  the  following  day  except  for  a  slight 
stiffness  of  the  legs  which  remained  for  a  few  days.  It  consumed  all  its 
food  for  9  days  and  then  the  food  intake  diminished.  170th  day.  It  again 
showed  polyneuritic  symptoms.  17l8tday.  It  was  given  10  gm.  of  Yeast  D. 
The  next  day  it  showed  no  improvement  and  was  given  20  gm.  of  Yeist  D. 
The  next  morning  the  dog  was  found  dead. 


Body 

Day.. 

Kilos. 

weights: 

....  X           v 

7.1    6.9 

18       24       31        38        45        52        59        66        73 
6.6      6.3      6.2      6.0      6.0      5.9      5.8      5.6      5.8 

Day.. 
Kilos. 

80 

5.8 

87        94        101        108        115        124        132        143 
5.6      5.6       5.5        5.2        5.3        5.2        5.0       5.1 

Dog  <S.— Offered  130  gm.  of  Food  3  daily. 

The  dog  did  not  relish  the  diet  especially  w^ell  and  consumed  only 

Part  of  its  food  during  the  first  25  days.    26th  to  29th  days.  Fed  Yeast  A 

(aec  Chart  3).    30th  to  36th  days.  Food  intake  again  diminished.    37th 

to  50th  days.    Fed  Tomato  F  (see  Chart  28).    The  food  intake  diminished. 

^t  -was  fed  Extract  G  with  some  beneficial  results.    74th  day.  Refused 

^^od  and  lay  down.    No  polyneuritic  symptoms  were  present.    Its  mouth 

t^ecame  very  foul  smelling.    79th  day.  Passed  bloody  stools.    It  was  nearly 

^ead  and  was  killed.    The  case  resembled  the  dogs  of  Chittenden  and 

Xjnderhill'  which  had  pellagra-like  symptoms. 


tody  weights: 

XDay 1       9        18       24       31        38       45       52       59       66       73 

:ilos 8.4    8.2      8.0      7.7      7.8      7.5      7.4      7.5      6.8      7.1      7.2 


•  Chittenden,  R.  H.,  and  Underbill,  F.  P.,  Am,  J,  Physiol.,  1917,  xliv,  13. 
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Dog  X.— Offered  125  gm.  of  Food  3  daily. 

The  animal  ate  the  food  well  for  22  days  whereupon  the  food  intake 
diminished.  28th  to  31st  days.  Fed  Yeast  A  (see  Chart  1).  The  food 
intake  again  diminished  until  days  39  to  41  when  it  was  fed  Yeast  C. 

Body  weights: 

Day 1       8       15       24       32       43 

Kilos 7.4    7.7     7.6     7.2     7.1      7.1 


METABOLISM  STUDIES  WITH  DIETS  DEFICIENT  IN 
WATER-SOLUBLE  (B)  VITAMINE. 

Bt  WALTER  G.  KA.RR. 

{From  the  Sheffield  Laboratory  of  Physiological  Chemistry^  Yale  University^ 

New  Haven.) 

(Received  for  publication,  September  17, 1920.) 

It  has  been  suggested  that  vitamines  may  exert  their  unique 
function  in  intermediary  metabolism  or  in  the  glandular  secretory 
processes  connected  with  digestion  in  the  alimentary  tract.  With 
this  possibility  in  mind  studies  of  nitrogen  metabolism  were  made 
with  animals  on  similar  diets  respectively  rich  in  or  devoid  of 
water-soluble  (B)  vitamine.  The  general  plan  was  to  compare 
the  metabolism  of  an  animal  recently  placed  on  a  vitamine- 
free  diet  with  its  metabolism  at  a  later  period  on  the  same  diet; 
also  to  compare  the  metabolism  on  a  vitamine-free  diet  with 
periods  in  which  a  supply  of  water-soluble  (B)  vitamine  had  been 
added  and  to  control  the  possible  supplementing  action  of  the 
protein  of  the  crude  vitamine-yielding  substance  by  a  further 
period  in  which  a  corresponding  amount  of  purer  protein  was 
added. 

Four  female  dogs  were  employed.    They  were  kept  in  ordinary 

inetabolism  cages,  and  the  urines  of  different  da3rs  or  periods 

Were  separated  by  catheterization.    The  feces  were  marked  into 

t:>eriods  with  carmine  and  after  addition  of  alcohol  containing  a 

f  «w  drops  of  acid  they  were  dried  on  a  water  bath.    Total  nitro* 

^en  was  determined  either  by  the  Kjeldahl  method  or  Folin's 

^t^Kiacro  modification  for  urine. 

The  protein  of  the  diet  was  supplied  by  either  commercial 
asein^  or  commercial  wheat  gluten,^  both  of  which  are  known  to 


*  The  casein  was  purchased  from  Lister  Brothers,  New  York.  It  was 
olored  veiy  light  yellow,  quite  finely  ground,  and  the  samples  generally 
ontained  about  12.7  per  cent  of  nitrogen. 

'  The  wheat  gluten  was  purchased  from  the  Pure  Gluten  Food  Company, 
^IZ^linnbus,  Ohio.    It  was  very  finely  ground  and  contamed  12  to  14  per  cent 
I  nitrogen. ' 

277 


278  Water-Soluble  (B)  Vitamine  and  Metabolism 


TABLE  I 
DogG. 


.^ 

i 

« 

Fb™. 

Nb«l*nM. 

sa 

s 

^ 

& 

In. 

<,m 

un,. 

ffn. 

^r 

14 

5.70 

Casein       ,    50  =  6.2  gm,  N 

59  gm. 

+2.3 

ftt 

IJi 

7.4 

5.42 

Lard 30 

3.2  per 

16 

5.31 

Sucrose ...    30 

oentN. 

+0.5 

17 

5.25 

Halts 2 

1.9   gm. 

daily. 

18 

7.4 

5.16 

Bone  ash . .     5 

About  590  calories. 

N. 

28 

7,2 

5,60| 

47  gm. 

+0.2 

9^ 

29 

5.97 

»amrii 

s  Perioil  1. 

3.5    per 

or 

30 

7.3 

5.76 

cent  N. 

+0.05 

31 

5.60! 

1.7  gm. 

daily. 

i 

N. 

56 

7.3 

6.33 

46  gm. 

+0.9 

W^ 

57 

5.3{ 

3,3    per 

or 

58 

7,2 

5.74 

Same  as  Period  1  exceiit  N 

cent  N. 

+0.2 

58 

6.1C 

intake  =  6.32  gm. 

1.5  jnn 

daily. 

60 

5.SS 

N 

(Dog  develops  poiyneitritla,  see  protocol.) 
Period  4. 


77 

8,9 

4,17 

Casein   ,,48.5  =  6,12gin.  N 

90  gm. 

+8.4 

95 

78 

4.4* 

3,5    per 

or 

79 

4.7f 

Yeast.'.     3      =0.22    "    N 

ccntN. 

+  1.2 

80 

5.05 

Lard.        30          -  - 

3  1    gm. 

daily. 

81 

69 

4  75 

Sucrose    3.^           6,34    "     N 

N. 

82 

4,70 

Salts  .    .     2             intaiie. 

83 

6.9 

4,92 

Bone  ash    5 

.\bout  610  caloricB. 

•  The  brewery  yeast  which  was  supplied  by  the  Hiaokel  Braweny, 
Albany,  N.  Y.,  was  an  ordinary  dried  oommercial  product  containini 
moisture  Q.l,  nitrogen  7.2,  and  ash  6.6  per  cent. 
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TABLE  l—Concluded. 


• 

m 

« 

i. 

« 

%  ■ 

S 

Daily  diet. 

Feces. 

N  balance. 

1§ 

& 

i 

3-2 
Z 

Period  5. 


kg. 

<7m. 

84 

5.11 

85 

5.38 

86 

6.9 

5.27 

87 

5.65 

SS 

5.37 

S9 

5.48 

gm. 

Casein..  48.5  =  6.12  gm.  N 
Gluten.      1.5  =  0.22    "    N 

Lard.     .30  

Sucrose    35  6.34    "    N 

Salts 2  intake. 

Bone  ash    5 

About  610  calories. 


Period  6. 

^0 

5.77 

Casein 50  =  6.34  gm.  N 

35  gm. 

-fO.9 

94 

«1 

5.80 

Lard 30 

3 . 1    per 

or 

«2 

6.9 

5.40 

Sucrose ...  35 

Salts 2 

Bone  ash  .    5 

About  610  calories. 

cent  N. 
1 . 1   gm. 

N. 

+0.3 
daily. 

Period  7. 


^3 

5.31 

Casein..  48.5  =  6.12  gm.  N 

59  gm. 

+1.7 

94 

94 

5.77 

Yeast*..     3      =0.22    "    N 

3.1    per 

or 

95 

5.67 

Lard 30          

cent  N. 

+0.3 

96 

6.8 

5.60 

Sucrose.  35          6.34    "    N 

1.8  gm. 

daily. 

97 

5.80 

intake. 
Salts. ...    2 
Bone  ash   5 

About  610  calories. 

N. 

relatively  free  from  water-soluble  (B)  vitamine.  The  remain- 
calorific  requirement  was  furnished  by  lard  and  sucrose  to 
hich  were  added  2  gm.  of  a  salt  mixture  and  5  gm.  of  bone  ash, 
le  latter  to  give  proper  consistency  to  the  feces.    Equal  portions 

the  food  were  given  doily  soon  after  catheterization  in  the 
Loming.    Water  was  supplied  ad  libitum. 
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In  Table  I  the  data  for  Dog  G  are  given  in  greater  detai], 
because,  as  has  been  indicated  elsewhere,'  it  is  rather  rare  to 
obtain  an  animal  which  will  consume,  for  such  an  extended  length 
of  time,  a  diet  that  is  highly  deficient  in  water-soluble  (B)  vitamine. 

Protocol, -T-Dog  G.  The  dog  was  placed  on  a  diet  which  was  free  from 
the  water-soluble  (B)  vitamine  containing  about  6.2  gm.  of  nitrogen  and 
620  calories.  It  ate  the  diet  very  eagerly.  The  first  metabolism  period 
was  begun  on  the  14th  day  as  indicated  in  Table  I.  The  animal  con- 
tinued to  receive  the  above  mentioned  diet  whenever  it  was  not  on  a  metab- 
olism test.  After  the  animal  was  removed  from  the  third  metabolism  test 
on  the  60th  day  it  began  to  vomit  some  of  its  food  and  on  the  68th  day  for 
the  first  time  refused  to  eat  and  showed  definite  symptoms  of  polyneuritis 
as  previously  described.*  It  ate  no  food  again  until  the  72nd  day,  immedi- 
ately after  it  had  recovered  from  the  polyneuritic  S3rmptoms  which  were 
alleviated  by  administering  brewery  yeast.  The  dog  then  continued  to 
eat,  consuming  the  original  diet  to  which  3  gm.  of  yeast  were  added  daily. 
Metabolism  experiments  were  thereupon  continued  as  indicated  in  the 
table. 

DISCUSSION. 

Period  3,  Table  I,  represents  the  metabolic  study  of  a  dog 
which  had  been  on  a  vitamine-free  diet  for  56  days  and  soon 
thereafter  developed  severe  symptoms  of  polyneuritis.  It  had 
maintained  its  body  weight  and  was  in  good  nutritive  condition. 
Apparently  the  intermediary  metabolism  of  nitrogen  was  not 
materially  affected  by  the  lack  of  the  water-soluble  vitamine. 
Period  4  in  which  water-soluble  (B)  vitamine  was  supplied  by 
brewery  yeast  has  a  larger  positive  nitrogen  balance.  The  data 
are  complicated  by  at  least  two  factors:  first,  the  supplementing 
action  of  the  yeast  protein;  and,  second,  the  fact  that  the  balance 
experiment  in  this  test  was  conducted  soon  after  a  period  of 
decline  in  body  weight  during  which  the  animal  consumed  no 
food  (days  68  to  71).  Hence  the  favorable  result  may  be  only 
the  usual  phenomenon  of  recuperation  on  a  calorifically  ade- 
quate diet.  Metabolism  experiments  on  vitamine-free  diets  are 
complicated  by  many  factors,  especially  the  intimate  relation  of 
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water-eoluble  (B)  vitamine  to  food  intake,'  and  also  the  possible 
supplementing  action  of  the  protein  in  the  crude  vitamine  sub- 
stance used.  It  is  obviously  desirable  that  as  soon  as  a  good 
protein-free  vitamine  concentrate  is  available  the  above  experi- 
ments be  repeated  using  it  as  a  source  of  the  accessory  factor. 


o  o  >■  i 


4  (10-13)t 

4  (14-17) 
10  (18-27) 

5  (28-32) 
9  (33-»l) 
3  (42-44) 

6  (45-40) 


19,620-7 

619,5 
0  49.8 
24.521.5 
44.139 
14.713 
24.5  21.2 


2.20.9 

2.20, 

2.72.4 


1 

4  (15-18) 

6.2 

160 

100 

100 

1.940 

20.7 

20.1 

62 

2,7 

1.7 

-1.1 

94 

2 

4  (36-39) 

5.5 

160 

s 

1« 

IOC 

1.96C 

19. e 

17,3 

5C 

2,3 

1.2 

+1.1 

94 

3 

5(46-50) 

5.( 

2oe 

125 

125 

2,45t 

24.5 

24.2 

5e 

2.5 

[.1 

-1,1 

94 

4 

4(63-66) 

5.6 

180 

8 

100 

100 

1.950 

19.6 

18.1 

46 

2.3 

1.1 

+0,4 

94 

5    (3-7) 

4  (10-13) 

5  (17-21) 


10,4 
10,4 
10,4 


15 


225 


2253 


630.3  i 
9  25  0  f 

631,6  { 


2,8 


1,7 


7+1,6  I 
5+0,4  1 
+0.3  ! 


*  The  food  was  fed  in  equal  portions  encb  day. 

t  The  brewery  yeast  which  was  supplied  by  the  Hincke)  Brewery, 
"^Jbany,  N.  Y.,  w&b  an  ordinary  dried  commercial  product  containing 
'**oirture  9,1,  nitrogen  7.2,  and  aah  6.6  per  cent. 

X  The  numbers  in  parentheses  indicate  the  days  of  the  entire  period  that 
Wx«  animal  was  under  observation  on  the  experimental  diet.  Unless 
'-^viicated  no  vitamine  was  given. 
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The  data  in  Table  II  are  presented  more  to  show  the  interesting 
supplementing  action  of  suitable  protein  than  the  possible  effect 
of  a  vitamine  substance  in  relation  to  a  vitamine-free  diet.  Small 
quantities  of  a  good  protein  in  the  form  of  casein  or  yeast  exerted 
a  remarkable  effect  on  the  nitrogen  balance  of  an  animal  which 
was  consuming  proteins  of  wheat  gluten  which  are  known  not 
to  be  so  '* complete."  In  view  of  the  small  portions  sufficient  to 
produce  this  result,  the  quantities  of  amino-acids  involved  in  the 
deficiencies  must  have  been  small  at  most. 

The  data  are  very  consistent  in  showing  that  the  nitrogen 
utilization  in  the  digestive  tract  was  unaffected  by  the  absence 
of  water-soluble  (B)  vitamine.  From  this  we  may  conclude  that 
the  secretions  of  the  glands  intimately  associated  with  digestion 
and  absorption  were  not  materially  affected  by  the  lack  of  the 
accessory  food  factors. 

CONCLUSIONS. 

The  lack  of  the  water-soluble  accessory  does  not  affect  the 
utiUzation  of  the  nitrogen  in  the  alimentary  tract  of  the  dog. 

It  is  probable  that  the  lack  of  water-soluble  (B)  vitamine  does 
not  primarily  affect  the  intermediary  metabolism  of  protein 
nitrogen. 

Data  are  presented  which  show  that  small  amounts  of  a  good 
protein  beneficially  supplement  proteins  which  are  known  not  to 
be  so  "complete." 

The  writer  gratefully  acknowledges  the  helpful  advice  of 
Professor  Lafayette  B.  Mendel  throughout  the  course  of  this 
investigation. 


SOME  AMINO-ACIDS  FROM  THE  GLOBULIN  OF  THE 
COCONXJT  AS  DETERMINED  BY  THE  BUTYL  ALCO- 
HOL EXTRACTION  METHOD  OF  DAKIN. 

By  carl  O.  JOHNS  and  D.  BREESE  JONES. 

{From  the  Protein  Investigation  Laboratory,  Bureau  of  Chemistry^  United 
States  Department  of  Agriculture,  Washington.) 

(Received  for  publication,  August  16,  1920.) 

The  work  described  in  this  article  is  chiefly  confined  to  the 
determination  of  the  amino-acids  which  remain  in  the  aqueous 
solution  of  the  hydrolysis  products  of  coconut  globulin  after  it 
has  been  subjected  to  the  extraction  with  normal  butyl  alcohol 
according  to  the  method  described  by  Dakin  (1). 

By  this  method  practically  the  whole  of  the  di-basic  acids  and 
the  diamino-acids  are  contained  in  the  aqueous  solution.  Glycine 
and  serine  are  extracted  with  difficulty,  so  that  they  may  also  be 
expected  to  be  present  in  the  aqueous  solution. 

The  coconut  globulin  used  for  this  hydrolysis  was  prepared  as 
described  in  a  paper  previously  published  from  this  laboratory  (2). 

Both  the  diamino-acids  and  most  of  the  glutaminic  acid  were 
removed  before  the  extraction  with  butyl  alcohol,  as  it  was  sup- 
posed that  a  better  separation  of  the  other  products  could  be 
eflfected  after  this  removal. 

Satisfactory  results  were  Obtained  for  aspartic  and  glutaminic 
acids.  The  presence  of  hydroxyglutaminic  acid  could  not  be 
established.  If  present  it  must  have  been  in  very  small  amount. 
Of  the  amino-acids  carried  over  by  the  butyl  alcohol,  proline  was 
determined.  A  peptide  anhydride  was  isolated  and  identified  as 
leucylvaline  anhydride.  The  question  whether  the  origin  of  this 
dipeptide  anhydride  was  due  to  incomplete  hydrolysis  of  the 
protein,  or  whether  it  may  have  been  formed  as  a  secondary  pro- 
duct during  the  extraction,  is  unsettled.  The  presence  of  glycine 
could  not  be  established,  either  in  the  aqueous  solution,  or  among 
the  products  that  were  extracted.    From  the  aqueous  solution 
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were  also  obtained  about  8  gm.  of  a  mixture  the  properties  and 
analysis  of  which  indicated  that  it  consisted  largely  of  alanine, 
with  an  admixture  of  serine. 

It  was  found  necessary'  to  continue  the  extraction  for  about  65 
hours  in  order  to  arrive  at  the  point  where  no  more  material  was 
being  carried  over  by  the  butyl  alcohol.  About  72  per  cent  of 
the  total  amount  extracted  was  carried  over,  however,  during  the 
first  23  hours  of  the  extraction. 

As  the  products  which  were  extracted  by  the  butyl  alcohol 
were  accompanied  by  a  small  amount  of  a  reddish  oil,  which 
suggested  some  type  of  decomposition,  and  which  was  difficult 
to  remove  wholly  from  the  other  products,  the  isolation  and 
determination  of  the  other  amino-acids  were  not  carried  out. 
A  separate  hydrolysis  of  the  coconut  globulin  and  a  complete 
determination  of  the  hydrolysis  products  without  the  use  of  the 
butyl  alcohol  extraction  method  is  published  in  the  next  paper 
(3).  As  a  comparison  of  the  methods,  it  can  now  be  stated  that 
the  extraction  method  has^^vcn  the  higher  yields  of  the  di-basic 
acids. 

The  percentages  of  the  amino-acids  determined  are  siunmarized 
in  Table  I. 

TABLE  I. 

ArnirW'Acids  Determined, 

percent 

Glycine , O.OO 

Alanine 2.67 

Proline 5 .54s: 

Glutaminic  acid 19 .07^ 

Hydroxyglutaminic  acid 0 

Aspartic  acid 5.11 

Serine 1 .76--" 

Leucylvaline  anhydride 0.64  ^ 

EXPERIMENTAL. 

459  gm.  of  coconut  globulin,  calculated  on  a  moisture-  and  ash- 
free  basis,  were  hydrolyzed  by  boiling  with  1,500  cc.  of  20  per  cent 
hydrochloric  acid  for  27  hours.  The  solution  was  concentrated 
under  reduced  pressure  to  about  one-half  its  volume,  in  order  to 
remove  most  of  the  hydrochloric  acid,  and  after  diluting  with  an 
equal  volume  of  water  the  suspended  humin  was  removed  by 
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filtration.  The  filtrate  was  largely  decolorized  by  treatment 
with  norite,  and  both  the  latter  and  the  suspended  humin  which 
had  been  filtered  off  were  thoroughly  washed  with  hot  water, 
and  the  washings  added  to  the  main  solution.  A  pale  yellow 
solution  of  the  hydrolysis  products  was  thus  obtained.  After 
concentrating  the  solution  to  about  1,000  cc,  it  was  saturated, 
cold,  with  hydrochloric  acid  gas  and  allowed  to  stand  at  0°C.  for 
about  3  months.  There  were  obtained  in  the  usual  way  106.22 
gm.  of  pure  glutaminic  acid  hydrochloride,  equivalent  to  85.54 
gm.  of  the  free  acid,  which  together  with  a  small  amoimt  obtained 
from  a  subsequent  fraction  amounts  to  19.07  per  cent  of  the  pro- 
tein. The  glutaminic  acid  hydrochloride  decomposed  sharply 
at  197--198°C.  The  free  acid,  obtained  by  decomposing  some  of 
the  hydrochloride  with  the  calculated  amount  of  potassium 
hydroxide,  decomposed  at  202°C.  Determination  of  amino 
nitrogen  gave  the  following  results: 

0.1380  gm.  of  substance  gave  24.8  cc.  of  nitrogeD  (24 °C.,  758  mm.). 

Calculated  for 

CfHiOiN.  Found, 

jwr  ctni  per  cent 

N 9.52  9 .52 

The  combined  filtrates  from  the  glutaminic  acid  hydrochloride 
were  made  up  to  1,000  cc.    For  the  determination  of  the  other 
monoamino-acids,  an  aUquot  was  taken  which  represented  200 
gm.  of  the  protein.     The  original  protein  used  for  the  hydrolysis 
contained  17.47  per  cent  of  nitrogen,  so  the  200  gm.  represented 
in  the  aUquot  taken  for  analysis  should  have  contained  34.95  gm. 
of  nitrogen.    However,  a  nitrogen  determination  showed  that 
'^he  solution  contained  but  34.45  gm.  of  nitrogen  after  having 
:xnade   corrections  for  the  nitrogen  which  had  been  previously 
:a:emoved  in  the  glutaminic  acid  and  humin,  leaving,  therefore, 
^.49  gm.  of  nitrogen  unaccounted  for,  due  to  losses  involved 
during  hydrolysis,  treatment  with  norite,  and  removal  of  glu- 
taminic acid. 

Concentrated  hydrochloric  acid  was  added  to  the  solution  to 
^he  extent  of  3.5  per  cent,  and  the  basic  amino-acids  were  removed 
^y  means  of  phosphotungstic  acid  from  a  volume  of  2,000  cc. 
The  bulky  precipitate  of  phosphotungstates  was  washed  in  the 
^sual  manner  and  the  excess  of  phosphotungstic  acid  removed 
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with  ether-amyl  alcohol  mixture.  The  hydrochloric  acid  was 
removed  with  silver  sulfate.  A  determination  of  the  total  nitro- 
gen in  the  solution  showed  that  18.81  gm.  of  nitrogen  had  been 
removed  incident  to  the  removal  of  the  bases.  The  basic  amino- 
acids,  soluble  humin,  and  amide  nitrogen  which  this  solution 
should  have  contained  as  calculated  on  the  basis  of  the  per- 
centages reported  in  a  previous  publication  (2)  would  have 
represented  16.61  gm.  of  nitrogen,  leaving,  therefore,  2.20  gm. 
unaccounted  for.  By  thoroughly  rewashing  the  precipitate  of 
phosphotungstates  1.426  gm.  of  nitrogen  were  regained,  still 
leaving  0.57  gm.  unaccounted  for.  The  combined  solutions  of 
the  free  amino-acids  were  then  concentrated,  and  after  removing 
2.53  gm.  of  tyrosine  were  subjected  to  the  butyl  alcohol  extrac- 
tion as  described  by  Dakin  (1). 

Extraction. — The  solution  of  amino-acids  was  reduced  to  a 
volume  of  600  cc.  and  extracted  for  about  35  hours  with  normal 
butyl  alcohol  according  to  the  manner  descril)ed  by  Dakin. 
The  aqueous  solution  was  then  made  nearly  neutral  with  barium 
hydroxide  and  the  extraction  continued  for  about  30  hours.  The 
extractions  were  run  during  the  day,  and,  after  standing  over 
night,  the  separated  amino-acids  were  filtered  off  and  most  of 
the  butyl  alcohol  was  distilled  under  reduced  pressure,  the  residue 
being  reser\'ed  for  the  proUne  determination.  The  extraction  oF 
the  aqueous  solution  was  resimied  each  morning  using  fresh  butyl 
alcohol  and  in  that  way  a  long  continued  heating  of  any  of  the 
amino-acids  in  the  butyl  alcohol  was  avoided.  The  extraction  flask 
containing  the  butyl  alcohol  was  heated  in  an  oil  bath  at  a  tem- 
perature adjusted  so  as  to  give  a  moderately  rapid  flow  of  alcohol 
returning  to  the  flask.  There  were  obtained  a  total  of  38.52  gm. 
of  amino-acids  insoluble  in  the  butyl  alcohol.  Early  in  the  course 
of  the  extraction  small  amounts  of  a  thick,  reddish  oil  were  carried 
over,  which  gradually  adhered  to  the  bottom  of  the  flask,  and 
could  thus  be  largely  separated  from  the  amino-acids  in  suspen- 
sion. During  the  whole  extraction  4.5  gm.  of  this  substance  were 
obtained.  It  is  readily  soluble  in  water  in  which  it  reacts  slightly 
alkaline  to  litmus,  but  is  insoluble  in  alcohol.  On  long  standing 
it  showed  no  tendency  to  crv'^stallize.  Its  general  behavior 
strongly  suggested  it  to  be  a  product  of  secondary  origin. 
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Di'Basic  Acids. — The  aqueous  solution  remaining  after  the 
extraction  with  butyl  alcohol  was  concentrated  to  about  200  cc. 
and  the  barium  hydroxide  removed  quantitatively  with  sulfuric 
acid.  Hydrochloric  acid  was  added  to  the  extent  of  20  to  30 
per  cent,  and  the  solution  boiled  for  17  hours  to  hydrolyze  any 
pyrroUdone  carboxylic  acid  which  may  have  been  present.  The 
solution  was  then  examined  in  the  usual  way  for  glutaminic  acid 
as  the  hydrochloride  but  not  any  was  obtained.  After  most  of 
the  hydrochloric  acid  was  removed  by  distillation  under  reduced 
pressure,  the  amino-acids  in  the  solution  were  converted  into  their 
calcium  salts  according  to  the  method  of  Foreman  (4).  11.41 
gm.  of  copper  aspartate  were  obtained  in  the  usual  characteristic 
crystal  form. 

0.2033  gm.  of  substance  (air-dried)  gave  0.0591  gm.  of  copper  oxide. 

Calculated  for 
CiHtOiNCu.  4JHj0.     Found. 
per  cent  per  cent 

Cu 23.07  23.23 

The  filtrate  from  the  copper  aspartate,  after  removing  the  cop- 
per, was  examined  for  hydroxyglutaminic  acid,  and  about  9  gm. 
of  a  silver  salt  were  obtained,  the  analysis  of  which  did  not  agree 
with  that  of  silver  hydroxyglutaminate.  The  silver  was  removed, 
with  hydrogen  sulfide,  and  on  concentrating  the  solution  1.22  ^n. 
of  aspartic  acid  crystals  separated.  They  turned  red  but  did  not 
melt  below  280°C.  Their  identity  was  confirmed  by  conversion 
into  the  copper  salt,  the  analysis  and  physical  properties  of 
which  agreed  with  those  of  copper  aspartate. 

The  residue  obtained  by  evaporating  the  filtrate  from  the 
aspartic  acid  to  dryness  weighed  2  gm.  This  residue  further 
yielded  1  gm.  of  glutaminic  acid  crystals  which  decomposed  with 
effervescence  at  203°C.  It  is  therefore  evident  that  the  first 
separation  of  glutaminic  acid  was  practically  complete.  The 
very  thick  syrup  composing  the  final  residue  may  have  been 
hydroxyglutaminic  acid,  or  it  may  have  been  pyrrolidone  car- 
boxylic acid  derivative.  The  amount  was  so  small  that  it  was 
not  further  examined. 

The  alcoholic  filtrate  from  the  calcium  salts,  after  removal 
of  the  calcium  with  oxalic  acid,  yielded  8.34  gm.  of  a  sub- 
stance having  a  sweetish  taste.     It  was  examined  for  glycine 
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in  the  usual  way  by  esterification,  but  no  tracje  of  glycine  est«r 
hydrochloride  could  be  detected.  The  hydrochloric  acid  was 
removed  with  silver  sulfate,  and  the  substance  recovered.  Not- 
withstanding repeated  attempts  by  fractional  crystallization, 
no  definite  product  could  be  obtained.  The  substance  crjrstal- 
lized  mostly  in  nodular  aggregates,  and  at  times  a  few  plates 
characteristic  of  serine  were  discernible.  Analysis  showed  the 
mixture  to  have  38  per  cent  of  carbon  and  7.26  per  cent  of  hydro- 
gen. Unfortunately  a  considerable  portion  of  this  mixture  was 
accidentally  lost.  About  1  gm.  of  the  remainder  was  treated 
with  phosphotungstic  acid  in  10  per  cent  sulfuric  acid,  and  char- 
acteristic crystals  of  alanine  phosphotungstate  were  obtained. 
As  is  shown  in  the  following  publication  (3),  the  coconut  globulin 
contains  serine,  so  that  there  is  little  doubt  that  the  above 
mixture  consisted  almost  wholly  of  alanine  and  serine.  On  this 
assumption  the  original  8.34  gm.  of  the  mixture  consisted  of  5.02 
gm.  of  alanine,  and  3.32  gm.  of  serine,  as  calculated  on  the  basis 
of  the  percentage  of  carbon  found. 

Proline. — The  butyl  alcoholic  filtrates,  containing  the  proline 
and  obtained  after  filtering  off  the  amino-acids,  were  concen- 
trated to  rather  small  volumes,  and  allowed  to  stand  for  2  or  3 
days.  The  substance  which  separated  was  filtered  off,  washed 
with  alcohol,  and  the  filtrate  and  washings  were  taken  to  dryness. 
The  residue  was  then  taken  up  with  a  small  amount  of  water, 
the  insoluble  portion  removed  by  filtration-,  and  the  filtrate  again 
taken  to  dryness.  By  alternately  extracting  the  residue  with 
water  and  absolute  alcohol  in  this  way,  there  was  finally  obtained 
a  product  which  was  readily  soluble  both  in  cold  absolute  alcohol 
and  water.  Dakin  has  shown  that  the  proline  residue  obtained  in 
this  way  is  much  purer  than  might  be  expected  and  that  "it 
compares  favourably  with  the  alcohol-extraction  product 
obtained  by  the  ester  method."  The  total  non-proline  substance 
removed  was  reserved  for  further  examination.  The  final  pro- 
line residue  was  dissolved  in  water  and  made  up  to  500  cc.  Total 
nitrogen  and  amino  nitrogen  determinations  were  made  on  10  cc. 
aliquot  portions.  There  were  found  1.9740  gm.  of  total  nitro- 
gen, and  0.6248  gm.  of  amino  nitrogen.  The  difference,  or  non- 
amino  nitrogen,  1.3492  gm.,  represented  11.08  gm.  of  proline, 
equivalent  to  5.54  per  cent  of  the  globulin. 
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Leucyhaline  Anhydride, — The  material  which  separated  from 
the  alcoholic  proline  solutions,  previously  referred  to,  weighed 
about  4  gm.,  of  which  1.2  gm.  consisted  of  a  substance  extremely 
diflSicultly  soluble  in  water.  It  crystaUized  from  absolute  alcohol 
in  a  volmninous  mass  of  long,  fibrous,  hair-like  crystals.  It  was 
moderately  soluble  in  boiling  absolute  alcohol,  easily  soluble  in 
hot  glacial  acetic  acid,  difficultly  soluble  in  dilute  hydrochloric 
acid,  and  extremely  difficultly  soluble  in  boiling  water.  It  had 
a  bitter  taste,  and  when  heated  in  an  open  vessel  sublimed  in 
voluminous  clouds,  which  filled  the  upper  part  of  the  vessel. 
It  melted  to  a  dark  oil  at  285-287*C.  and  gave  the  following 
results  on  analysis: 

0.1524  gm.  of  substance  gave  0.3477  gm.  of  carbon  dioxide  and  0.1154 
gm.  of  water. 

0.0978  gm.  of  substance  required  9.35  cc.  of  0.1  n  acid. 

Calculated  for 
CuHsoOsNt.        Found. 
p€r  cent  per  cent 

C 62.21  62.22 

H 9.43  9.73 

N., 13.20  13.45 

All  the  observed  properties  of  this  compound,  together  with 
the  result  obtained  by  analysis,  agree  closely  with  those  of  the 
anhydride  of  the  dipeptide,  leucylvaline,  as  described  by  Abder- 
halden  and  Fimk  (5).  Lack  of  sufficient  material  prevented  a 
satisfactory  identification  of  the  products  which  it  yielded  on 
hydrolysis  with  concentrated  hyrochloric  acid. 

The  monoamino-acids  which  were  extracted  from  the  aqueous 
solution  by  the  butyl  alcohol  appeared  to  be  contaminated  to  a 
certain  extent  by  the  sjrrupy  substance  insoluble  in  alcohol  which 
has  been  already  referred  to,  so  that  the  attempt  to  separate  and 
determine  these  amino-acids  was  abandoned.  The  most  soluble 
portions,  however,  were  examined  for  glycine,  both  as  the  picrate 
and  the  ester  hydrochloride,  but  none  could  be  detected. 

A  complete  determination  of  these  amino-acids  in  a  separate 
hydrolysis  in  how  in  progress. 

SUMMARY. 

The  hydrolysis  products  of  the  globulin  of  the  coconut  were 
s\abjected  to  the  butyl  alcohol  extraction  method  of  Dakin. 
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Attention  was  confined  chiefly  to  the  amino-acids  Femaining 
in  the  aqueous  solution  after  the  extraction.  The  following 
values  were  found:  glutaminic  acid,  19.07;  aspartic  acid,  5.12; 
alanine,  2.67;  and  serine,  1.76  per  cent.  No  hydroxyglutaminic 
acid  or  glycine  could  be  detected. 

From  the  amino-acids  extracted  by  the  butyl  alcohol  5.54  per 
cent  of  proUne,  and  0.64  per  cent  of  leucylvaline  anhydride  were 
isolated. 
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HYDROLYSIS  OF  THE  GLOBULIN  OF  THE  COCONUT, 

COCOS  NUCIFERA. 

Bt  D.  BREESE  JONES  and  CARL  O.  JOHNS. 

{From  the  Protein  Investigation  Laboratory,  Bureau  of  Chemistry,  United 
States  Department  of  AgrictUture,  Washington,) 

(Received  for  publication,  August  27,  1920.) 

In  the  preceding  paper  from  this  laboratory  (1)  we  have 
described  the  determination  of  some  amino-acids  from  the  glob- 
ulin of  the  coconut  by  means  of  the  butyl  alcohol  extraction 
method  of  Dakin  (2).  This  article  contains  the  percentages  of 
those  amino-acids  which  remained  in  the  aqueous  solution  of  the 
hydrolysis  products  after  it  had  been  subjected  to  extraction 
with  butyl  alcohol.  These  amino-acids  include  glutaminic  and 
aspartic  acids,  serine,  and  alanine.  The  presence  of  neither 
hydroxyglutaminic  acid  nor  glycine  was  established.  Proline 
and  leucylvaline  anhydride,  both  of  which  were  carried  over  by 
the  butyl  alcohol,  were  also  determined. 

Since  diflSculty  was  encountered  in  the  separation  of  the  other 
amino-acids  extracted  by  the  butyl  alcohol,  a  new  hydrolysis  of 
the  same  protein  has  been  undertaken  and  a  complete  deter- 
mination of  the  degradation  products  made  according  to  methods 
not  involving  extraction  with  butyl  alcohol.    This  anal3rsis  not 
only  gives  the  percentages  of  those  amino-acids  which  had  not 
been  determined  in  the  previous  hydrolysis,  but  also  furnishes 
Supplemental  data  for  comparison  with  those  which  had  been 
already  obtained. 

Somewhat  of  a  departure  has  been  made  from  the  usual  order 
of  procedure  in  the  analysis  of  the  hydrolysis  products  of  pro- 
"ti^eins.  Before  attempting  to  determine  any  of  the  amino-acids, 
%he  hexone  bases  were  first  removed  with  phosphotungstic  acid. 
Glutaminic  add  was  then  removed  as  completely  as  possible  as 
^he  hydrochloride,  followed  by  removal  of  the  remaining  di-basic 
^^mino-acids.     Proline   and   peptide   anhydrides   were   next   re- 
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moved.    The  remaining  amino-acids  were  then  esterified,  with 
very  satisfactory  results,  by  means  of  their  lead  salts  according 
to  the  recently  published  method  of  Foreman  (3).    The  isolation 
and  determination  of  the  amino-acids  obtained  from  the  estem 
were  accomplished  for  the  greater  part  in  the  usual  way. 

The  results  of  this  hydrolysis  are  given  in  Table  I  under  Ana.L.<- 
ysis  2.    For  comparison  there  is  also  included  in  this  tabl^^ 

TABLE  I. 

AminO'Acida  in  Coconut  Globulin, 


Amino-flM!id. 


Glycine 

Alanine 

Valine 

Leucine 

Proline 

Phenylalanine 

Aspartic  acid 

Glutaminic  acid 

Hydroxyglutaminic  acid. 

Serine 

Tyrosine 

Cystine 

Arginine 

Histidine 

Lysine 

Tryptophane 

Leucylvaline  anhydride. 
Ammonia 


Analysia  1.* 


per  cent 
0.00 

2.67 


6.54 

6.12 

19.07 

0.00 

1.76 


0.64 


Analsrsis  2. 


per  cent 

Trace. 
4.11 
3.67 
6.06 
2.86 

•  2.05 
3.88 

18.69 
0.00 
1.41 


0.14 


Total 


Highest  v»l 
obtained. 


78.16 


*  Johns  and  Jones  (1) . 

under  Analysis  1,  the  percentages  of  the  amino-acids  obtained 
means  of  the  butyl  alcohol  extraction  method.    The  last  coluxc:^ 
contains  the  highest  percentages  obtained  from  both  analyse^^ 
It  is  of  interest  to  note  that' the  summation  of  these  figures 
among  the  highest  that  have  been  heretofore  obtained  in  tt^ 
analysis  of  the  hydrolysis  products  of  proteins. 

The  percentages  of  the  basic  amino-acids  in  coconut  globulii^ 
as  determined  by  the  Van  Slyke  method,  have  already  bee  '^ 
published  (4). 


D.  B.  Jones  and  C.  O.  Johns  293 

The  butyl  alcohol  extraction  method  gave  the  higher  results 
for  aspartic  and  glutaminic  acids,  proline,  and  serine.  The 
difference  in  the  amoimts  of  aspartic  acid  obtained  is  consider- 
able, while  the  figures  for  glutaminic  acid  are  in  very  close  agree- 
ment. In  neither  analysis  could  the  presence  of  hydroxyglu- 
taminic  acid  be  established. 

The  low  result  obtained  for  proUne  in  Analysis  2  may  be  partly 
accounted  for  by  the  difiiculty  encountered  when  filtering  and 
washing  the  excess  of  lime  while  removing  the  di-basic  acids  by 
the  lime-alcohol  method. 

The  percentage  of  alanine  given  under  Analysis  1  shows  only 
the  amount  that  remained  in  the  aqueous  solution  after  the 
extraction,  since  that  extracted  by  the  butyl  alcohol  was  not 
determined. 

No  glycine  was  obtained  from  Analysis  1,  while  its  presence  in 
small  amount  was  detected  in  Analysis  2,  both  as  the  picrate 
and  the  j8-naphthalenesulfone  derivative. 

The  total  amount  of  tyrosine  isolated  at  various  stages  of  the 
analysis  amounted  to  6.32  gm.  or  2.3  per  cent  of  the  protein. 
This  is  within  less  than  1  per  cent  of  the  amoimt  found  by  the 
colorimetric  method  of  Folin.  Several  undetermined  syrupy 
residues  obtained  during  the  analysis  still  gave  strong  positive 
tests  for  tyrosine  with  Millon's  reagent. 

All  the  serine  which  was  isolated  in  Analysis  2  was  obtained 
from  the  imesterified  portion  of  the  amino-acids.  This  fraction 
was  filtered  off  with  the  barium  residues  which  remained  after 
liberation  of  the  esters  in  chloroform  with  barium  hydroxide. 

EXPERIMENTAL. 

276  gm.  of  the  ash-  and  moisture-free  coconut  globulin  were 
hydrolyzed  by  first  warming  on  a  steam  bath  with  1,000  cc.  of 
hydrochloric  acid  (specific  gravity  1.1)  until  practically  all  had 
dissolved.  The  hydrolysis  was  then  continued  by  boiling  in  an 
oil  bath  for  36  hours.  The  color  was  largely  removed  from  the 
solution  by  means  of  norite,  and  the  bases  were  precipitated 
with  phosphotungstic  acid  according  to  the  method  of  Van 
Slyke.  The  precipitation  was  made  from  a  total  volume  of  18 
liters  of  solution  in  three  separate  portions  of  6  liters  each.    After 
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standing  for  41  hours  the  crystalline  precipitates  of  phospho- 
tungstates  were  removed  by  filtration  and  thoroughly  washed  in 
the  prescribed  manner.  From  the  combined  filtrates  and  wash- 
ings, which  had  been  reduced  in  volume  to  about  3  liters,  there 
further  separated  on  standing  an  appreciable  amoimt  of  a  cr3rstal- 
line  phosphotungstate  precipitate.  In  view  of  the  fact  that  this 
second  crop  of  phosphotungstates  had  separated  from  a  solutipi^ 
which  had  been  greatly  reduced  in  volume,  and  which  now  con- 
tained about  20  per  cent  of  hydrochloric  acid,  it  was  subjected 
to  a  thorough  examination  in  order  to  eliminate  the  possibility  of 
loss  of  any  monoamino-acids  which  might  have  separated  from 
the  concentrated  solution.  All  that  could  be  isolated  and  iden- 
tified consisted  only  of  0.23  gm.  of  tyrosine  and  0.76  gm.  of  glu- 
taminic  acid.  It  is  probable  that  even  these  had  been  carried 
down  by  adsorption  with  the  phosphotungstates  of  the  bases. 
Phosphotungstic  acid  was  removed  from  the  combined  filtrates 
and  washings  from  the  phosphotungstate  precipitates,  and  the 
solution  of  amino-acids  concentrated  to  about  600  cc.  After  hav- 
ing been  saturated  with  hydrochloric  acid  in  the  usual  way, 
solution  gave  a  large  yield  of  crystalline  hydrochlorides,  whicl 
were  washed  with  cold,  concentrated  hydrochloric  acid,  dissolv&^^ 
in  water,  and  reprecipitated  by  again  saturating  with  hydr< 
chloric  acid  gas.  50.37  gm.  of  glutaminic  acid  hydrochloric 
were  finally  obtained  which  decomposed  with  effervescence 
199-200**.  By  concentrating  the  filtrate  from  the  reprecip-. 
tated  glutaminic  acid  hydrochloride  a  second  crop  of  crystj 
weighing  10.14  gm.  was  obtained.  As  this  contained  aniin< 
acids  other  than  glutaminic  acid  it  was  recrystallized  from  coi 
centrated  hydrochloric  acid,  and  3.83  gm.  of  glutaminic 
hydrochloride  were  obtained  which  decomposed  at  199®.  Tl 
traces  of  di-basic  amino-acids  remaining  in  the  filtrate  from  tl 
last  crop  were  removed  by  means  of  the  lime-alcohol  method 
Foreman  (5)  and  added  to  the  original  filtrate  from  the  glutaminil^ 
iacid.  From  the  alcoholic  filtrate  1.52  gm.  of  phenylalanine  wei 
obtained. 

The  combined  filtrates  from  the  glutaminic  acid  hydrochlorid- 
were   concentrated   under  reduced   pressure  to   a  thick  s^ 
The  di-basic  amino-acids  still  remaining  in  the  solution  were  thei 
removed  as  their  calcium  salts  by  means  of  the  lime-alcohol^ 
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method.  Some  difficulty  was  encountered  at  this  stage  when 
filtering  oS  and  washing  the  calcium  residue  which  remained 
after  adding  the  lime  to  the  solution  of  amino-acids.  The  residue 
did  not  settle  readily  in  the  usual  manner,  but  formed  a  sticky, 
gelatinous  mass  which  filtered  with  great  difficulty.  The  pre- 
cipitated calcium  salts  yielded  by  the  usual  methods  10.70  gm. 
of  aspartic  acid,  1.50  gm.  of  glutaminic  acid,  both  isolated  as  their 
copper  salts,  and  4.61  gm.  of  glutaminic  acid  isolated  as  the  hydro- 
chloride. The  copper  aspartate  gave  the  following  results  on 
analysis: 

0.2217  gm.  of  substance  (air-dried)  gave  0.0647  gm.  of  copper  oxide. 

Calculated  for 
C4H»04NCu.4|Ht0.  Found. 
per  cent  percent 

Cu : 23.07  23.32 

The   alcoholic   filtrate  from   the   precipitated   calcium  salts, 

amounting  to  about  3,500  cc,  was  concentrated  to  a  syrup  and 

diluted  with  water  to  a  volume  of  about  1  liter.    The  calcium 

was  removed  by  means  of  anmionium  oxalate,  and  4.28  gm.  of 

tyrosine  were  isolated  from  the  somewhat  concentrated  solution. 

0.1571  gm.  of  substance  gave  0.3456  gm.  of  carbon  dioxide  and  0.0888 
^m.  of  water. 

Calculated  for 
CtUuOsN.  Found. 

per  cent  per  cent 

C 59.67  60.00 

H 6.08  6.28 

Chlorine  was  removed  with  silver  sulfate,  and  the  solution 
of  amino-acids  concentrated  to  about  half  its  volume  by  dis- 
-tillation  with  a  slight  excess  of  bariiun  hydroxide,  in  order  to 
^xpel  ammonia.    The  bariiun  was  removed  quantitatively  with 
sulfuric  acid  and  the  solution  evaporated  to  dryness  by  distilla- 
iiion  under  reduced  pressure.    The  residue  of  amino-acids  thus 
obtained  weighed  99  gm.     Proline  was  removed  in  the  usual  way 
by  extraction  with  absolute  alcohol.     The   residue   remaining 
after  distilling  off  the  alcohol  contained  0.4  gm.  of  a  substance 
which  was  difficultly  soluble  in  water.    This  compound  crystal- 
lized from  absolute  alcohol  in  long,  fibrous,  hair-like  needles,  and 
melted  to  a  dark  oil  at  285°.    It  was  identical  in  every  respect 
with  the  leucylvaline  anhydride  previously  described  and  isolated 
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from  this  same  globulin  (1).  The  final  syrupy  residue  of  proline, 
which  was  completely  soluble  both  in  cold,  absolute  alcohol  and 
in  water,  contained  0.4410  gm.  of  amino  nitrogen  and  1.2495 
gm.  of  total  nitrogen.  The  difference,  or  non-amino  nitrogen, 
amounting  to  0.8085  gm.,  is  equivalent  to  6.64  gm.  of  proline. 

In  order  to  separate  the  amino-acids  which  were  insoluble  in 
alcohol,  they  were  esterified,  and  the  ethyl  esters  fractionally 
distilled.  The  esterification  was  accomplished  according  to  the 
method  described  by  Foreman  (3).  The  amino-acids  were  con* 
verted  into  their  lead  salts  and  the  thoroughly  dry  salts  sus- 
pended in  about  750  cc.  of  absolute  alcohol.  The  liquid  was 
then  saturated  with  dry  hydrochloric  acid  gas,  at  first  without 
cooling,  and  finally  in  a  freezing  mixture.  After  filtering  off  and 
washing  the  precipitated  lead  chloride,  most  of  the  free  hydro- 
chloric acid  was  removed  by  distillation  at  40®,  until  the  volimie 
had  been  reduced  about  one-half.  The  hydrochloric  acid  still 
remaining  was  just  barely  neutralized  with  a  solution  of  ammonia 
gas  in  absolute  alcohol.  After  filtering  off  the  ammonixun  chlo- 
ride, and  removing  the  alcohol  by  distillation,  the  residue  vraa 
dissolved  in  dry  chloroform,  and  the  esters  were  liberated  from 
their  hydrochlorides  by  shaking  with  dehydrated  barium  hydrox- 
ide.* Chloroform  was  removed  from  the  clear  solution  of  esters 
obtained  after  filtering  off  the  soUd  barium  residue,  and  the  esters 
were  shaken  with  anhydrous  ether.  An  appreciable  amount  of 
substance  did  not  dissolve.  Since  it  appeared  probable  that  this 
consisted  largely  of  ester  hydrochlorides  which  had  escaped 
decomposition  by  the  barium  hydroxide,  it  was  again  dissolved 
in  chloroform  and  shaken  with  more  barium  hydroxide.  A  slow 
rise  in  temperatiu^  was  noticeable.  The  product  obtained  after 
removing  the  barium  residue  ajid  chloroform  was  now  practically 
all  soluble  in  ether. 

The  ether  was  removed  from  the  united  esters  by  distillation 
at  atmospheric  pressure  and  95  gm.  of  esters  were  obtained. 

The  ether  and  chloroform,  as  well  as  the  barium  residues,  which 
were  removed  from  the  esters,  were  reserved  for  further  examina- 
tion as  follows. 

^  The  barium  hydroxide  was  prepared  by  heating  the  ordinary  octahy- 
drate  in  an  open  porcelain  dish  over  a  free  flame  until  a  perfectly  dry 
residue  was  obtained.  This  was  powdered  and  finally  heated  in  a  Vacuum 
oven  for  5  to  6  hours  at  105-110". 
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The  Ether  and  Chloroform  Distillates  from  the  Esters. 

The  ether  which  had  been  distilled  from  the  esters  was  strongly 
acidified  with  an  absolute  alcoholic  solution  of  hydrochloric  acid 
gas,  and  allowed  to  stand  at  0^  for  about  4  weeks.  There  was 
no  separation  of  glycine  ester  hydrochloride.  The  ether  was 
distilled  off,  and  the  residue  added  to  that  obtained  in  a  similar 
way  from  the  chloroform  distillate.  The  united  residues  were 
boiled  with  water,  hydrochloric  acid  was  quantitatively  removed, 
and  the  solution  evaporated  to  drjoiess.  The  residue,  weighing 
4.25  gm.,  consisted  of  a  mixture  of  alanine,  valine,  and  leucine. 
This  was  added  to  the  amino-acids  of  Fraction  I  of  the  distilled 
esters. 

The  Barium  Residues  Obtained  after  Liberation  of  the  Esters. 

The  barium  residues  were  warmed  with  a  sUght  excess  of  dilute 
sulfuric  acid,  and  the  rather  large  precipitate  of  barium  siilfate 
was  filtered  off  by  suction  and  thoroughly  washed.  Hydrochloric 
acid  was  removed  with  silver  sulfate,  and  the  sulfuric  acid  with 
barium  hydroxide.  The  solution  was  concentrated  to  about  60 
cc,  from  which  on  standing  0.47  gm.  of  tyrosine  separated. 
The  filtrate  from  the  tyrosine  on  slow  evaporation  yielded  3.33 
gm.  of  serine,  which  separated  in  hard,  lustrous  rosettes  of  thick 
plates,  or  prisms.  The  serine,  which  had  a  somewhat  sweetish 
taste,  began  to  turn  brown  at  about  210^,  and  at  235°  (uncor- 
rected) decomposed  with  effervescence  to  a  reddish  liquid.  It 
gave  the  following  results  on  analysis: 

0.1731  gm.  of  substance  gave  0.2160  gm.  of  carbon  dioxide  and  0.1013 
gm.  of  water. 

Calculated  for 
CiHtOiN.  Found. 

p^  etnt  pw  Mnt 

C 34.29  34.17 

H 6.67  6.60 

From  the  filtrate,  0.56  gm.  more  of  serine  was  obtained.  The 
final,  thick,  syrupy  filtrate  was  treated  with  j8-naphthalenesul- 
fonyl  chloride  according  to  the  method  of  Embdem  and  Tachau 
(6),  with  the  idea  of  isolating  any  serine  that  might  still  remain 
in  the  filtrate.    There  were  obtained  1.44  gm.  of  a  product  which 
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separated  from  absolute  alcohol  in  the  form  of  hard,  granular 
crystals.  It  melted  to  an  oil  at  148®  (uncorrected),  and  gave  the 
following  results  on  analysis: 

0.1600  gm.  of  substance  gave  0.3341  gm.  of  carbon  dioxide  and  0.0636 
gm.  of  water. 

Found. 
p0reBfU 

C 63.92 

H 4.18 

The  product  was  readily  soluble  in  absolute  alcohol,  frc^--«i 
which  it  separated  again  only  with  difficulty.  In  boiling  wat  — 
it  dissolved  sparingly,  and  separated  again  on  cooling,  at  first 

TABLE  II. 


Fraction  No. 


I 

II 

Distillation  residue 

Contents  of  the  liquid  air  tube. . 


Temper- 
ature of 
the  bath 
up  to 

Temper- 
ature of 
thevapoiB 
up  to 

PrcMure. 

•c. 

•c. 

vFvvFv* 

100 

55 

21 

108 

05 

2 

Weighs-- 

(JIM. 

31 

29 

21 

2 


a  fine,  oily  suspension  which  gradually  crystallized  forming 
microscopic  clusters  of  radiating  long  plates  or  prisms.  The 
substance  now  sintered  at  about  150®,  and  melted  indefinitely 
between  160-180°.  The  j8-naphthalenesulfone  derivative  of 
serine  contains  52.88  per  cent  of  carbon,  and  melts  at  220®  (6) 
while  the  corresponding  derivative  of  glycine,  which  contains 
54.34  per  cent  of  carbon,  sinters,  according  to  Fischer  and  Bergell 
(7),  at  151°  and  melts  at  156°.  It  will  be  seen  that  the  com- 
position and  melting  point  of  the  product  obtained  lie  between 
those  given  for  the  glycine  and  serine  derivatives,  indicating  a 
mixture  of  the  two,  consisting  chiefly  of  the  former. 

The  esters  obtained  after  distilling  off  the  ether  .were  separated 
into  fractions  by  fractional  distillation  under  reduced  pressure 
as  given  in  Table  II. 

Fraction  /. — The  esters  of  this  fraction  were  hydrolyzed  by 
boiling  with  water,  and  18.16  gm.  of  amino-acids  obtained.    To 
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these  were  added  the  amino-acids  obtained  from  the  ether  and 
chloroform  distillates  from  the  esters.  By  direct  fractional 
crystallization,  11.34  gm.  of  alanine  were  isolated. 

0.1743  gm.  of  substance  gave  0.2572  gm.  of  carbon  dioxide  and  0.1207 
gm.  of  water. 

Calculated  for 
CiHtOiN.  Found. 

percent  percent 

C '. 40.41  40.24 

H 7.«2  7.75 

The  less  soluble  portion  of  this  fraction  consisted  of  a  mixture 
of  valine  and  leucine.  They  were  separated  by  means  of  the 
lead  salt  method  of  Levene  and  Van  Slyke  (8).  5.23  gm.  of 
leucine  were  obtained  as  the  lead  salt. 

0.3346  gm.  of  substance  gave  0.2173  gm.  of  lead  sulfate. 

Calculated  for 
(CtHuOtNi)iPb.     Found. 

per  cent  per  cent 

Pb 44.29  44.35 

The  filtrate  from  the  lead  salt  of  leucine  3delded  6.45  gm.  of 
valine.    Analysis  showed  it  to  have  the  following  composition: 

0.1504  gm.  of  substance  gave  0.2841  gm.  of  carbon  dioxide  and  0.1258 
.  of  water. 


C. 
H. 


Calculated  for 
C»Hu0tN. 

Found. 

percent 

percent 

51.28 

51.52 

9.47 

9.31 

The  residual  filtrate  from  the  alanine,  which  consisted  of 
only  about  1  gm.  of  a  syrupy  substance,  jdelded  with  picric  acid 
C32  gm.  of  a  picrate  which  melted  with  decomposition  at  200°. 
The  decomposition  point  of  glycine  picrate  is  given  by  Levene 
and  Van  Slyke  (9)  as  202°. 

Fraction  11. — The  amino-acids  obtained  from  the  esters  of  this 
fraction,  after  hydrolysis  by  boiling  with  water,  yielded  by  the 
usual  methods  1.22  gm.  of  proline,  11.20  gm.  of  leucine,  and 
3.40  gm.  of  valine.    The  leucine  was  isolated  as  the  lead  salt. 

0.3495  gm.  of  substance  gave  0.2263  gm.  of  lead  sulfate. 

Calculated  for 
(C«HiiOiNt)i  Pb.     Found. 
percerU  percent 

Pb 44.29  44.22 
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Distillation  Residue, — ^The  distillation  residue  was  shaken  with 
a  mixture  of  five  volumes  of  water  and  an  equal  volume  of  ether. 
The  ether  extract  jdelded  3.80  gm.  of  phenylalanine. 

0.1577  gm.  of  substance  gave  0.3765  gm.  of  carbon  dioxide  and  0.09i7 

gm.  of  water. 

Calculated  for 
CtUuOtN.         Found, 
per  cent  p«r  emnl 

C 65 .45  65 .  11 

H 6.66  6.67 

The  aqueous  solution  remaining  after  removing  the  phenyl- 
alanine ester  with  ether  was  boiled  for  5  hours  with  an  excess  of 
barium  hydroxide.  After  quantitative  removal  of  the  barium 
with  sulfuric  acid,  the  solution  was  boiled  with  copper  carbonate, 
and  3.25  gm.  of  a  bluish  slate-colored  copper  salt  were  obtained. 
The  copper  was  removed  from  the  salt  with  hydrogen  sulfide, 
and  1.69  gm.  of  a  substance  were  obtained  which  contained  60.86 
per  cent  of  carbon  and  6.83  per  cent  of  hydrogen.  It  crystallized 
partly  in  plates  resembling  phenylalanine,  and  gave  a  deep,  cherry- 
red  color  with  Millon's  reagent.  The  analysis  and  properties  of 
this  substance  indicated  that  it  was  a  mixture  which,  based  on 
its  carbon  contents,  consisted  of  1.34  gm.  of  tyrosine  and  0.35  gm. 
of  phenylalanine. 

The  filtrate  from  the  above  copper  salt,  after  having  been 
freed  from  copper,  gave  a  syrup  from  which,  on  long  standing,  no 
crystalline  product  separated.  It  was  boiled  for  14  hours  with 
25  per  cent  hydrochloric  acid  to  regenerate  any  glutaminic  acid 
which  may  have  been  converted  during  the  preceding  operations 
into  pyrrolidone  carboxyUc  acid.  1.51  gm.  of  glutaminic  acid 
hydrochloride  were  obtained,  which  decomposed  with  efiferves- 
cence  at  197°. 

The  filtrate  from  the  glutaminic  acid  hydrochloride  was  sub- 
jected to  the  lime-alcohol  method  for  isolating  the  di-basic  acids, 
and  the  latter  were  examined  for  hydroxyglutaminic  add  accord- 
ing to  the  method  of  Dakin  (2).  About  2  gm.  of  an  unpromising 
looking  silver  salt  were  obtained.  Its  silver  content  did  not 
agree  with  that  of  silver  hydroxyglutaminate.  In  view  of  both 
its  small  amount  and  impure  character  its  further  examination 
was  discontinued. 
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Tyrosine. — ^An  amount  equivalent  to  1  gm.  of  the  ash-  and 
moistiu'e-free  protein  was  hydrolyzed  by  boiling  for  12  hours 
with  25  per  cent  hydrochloric  acid,  and  the  amount  of  tyrosine 
determined  colorimetrically  according  to  the  method  of  Folin 
and  Denis  (10,  11).  The  tyrosine  was  found  to  comprise  3.18 
per  cent  of  the  protein. 

SUMMARY. 

The  globulin  of  the  coconut  has  been  hydrolyzed,  and  the 
resulting  amino-acids  have  been  determined  (Table  I). 

By  changing  the  order  of  procedure  usually  followed  in  con- 
nection with  protein  hydrolysis,  and  by  applying  several  rathei 
recently  described  methods,  78.15  per  cent  of  the  hydrolysis  pro- 
ducts of  the  protein  used  has  been  identified  and  determined. 

The  order  of  procedure  followed  in  the  isolation  and  determi- 
imtion  of  the  amino-acids  was  as  follows:  removal  of  the  hexone 
bases   with   phosphotungstic   acid;   separation  of  most   of  the 
^utaminic  acid  as  the  hydrochloride;  precipitation  of  the  remain- 
ing   di-basic  amino-acids  as  their  calcium  salts;  extraction  of 
{Droline  and  peptide  anhydrides  with  absolute  alcohol;  esterifica- 
^ion  of  the  remaining  amino-acids  by  means  of  the  lead  salt 
Xnethod  of  Foreman;  fractional  distillation  of  the  esters  under 
^reduced  pressure;  and,  finally,  regeneration  and  isolation  of  the 
^^mino-acids  in  the  usual  manner. 

Acknowledgment  is  hereby  made  to  Mr.  C.  E,  F.  Gersdorff  for 
^sdl  the  carbon  and  hydrogen  determinations  made  in  connection 
"^3vith  this  hydrolysis, 

BIBLIOGRAPHY. 

1.  Johns,  C.  O.,  and  Jones,  D.  B.,  /.  Biol,  Chem,y  1920,  xliv,  283. 

2.  Dakin,  H.  D.,  Biochem.  /.,  1918,  xii,  290. 

3.  Foreman,  F.  W.,  Biochem,  /.,  1919,  xiii,  378. 

4.  Johns,  C.  O.,  Finks,  A.  J.,  and  Gersdorff,  C.  E.  F.,  /.  Biol.  Chem., 

1919,  xxxvii,  149. 
6.  Foreman,  F.  W.,  Biochem,  /.,  1914,  viii,  463. 

6.  Embden,  G.,  and  Tachau,  H.,  Biochem,  Z.,  1910,  xxviii,  230. 

7.  Fischer,  E.,  and  Bergell,  P.,  Ber.  chem,  Ge8,,  1902,  xxxv,  3779. 

8.  Levene,  P.  A.,  and  Van  Slyke,  D.  D.,  /.  Biol,  Chem,,  1909,  vi,  391. 

9.  Levene,  P.  A.,  and  Van  Slyke,  D.  D.,  /.  Biol,  Chem,,  1912,  xii,  294. 
ao.  Folin,  O.,  and  Denis,  W.,  /.  Biol,  Chem,,  1912,  xii,  246. 

'W,  Johns,  C.  O.,  and  Jones,  D.  B.,  /.  Biol,  Chem,,  1918,  xxxvi,  319. 


SOl^fiE  PROTEINS  FROM  THE  MUNG  BEAN,  PHASEOLUS 

AUREUS  ROXBURGH. 

By  carl  O.  JOHNS  and  HENRY  C.  WATERMAN. 

^     '~''*-m  the  Protein  Investigation  Laboratory ^  Bureau  of  Chemistry ^  United 

States  Department  of  Agriculture ^  Washington.) 

(Received  for  publication,  September  8,  1920.) 

'he  mung  bean,  or  green  gram,  is  cultivated  throughout  the 

i^^^^^hem  half  of  Asia,  in  the  Malay  Islands,  and  quite  generally 

'^Dughout  the  eastern  portions  of  Africa.     It  is  an  important 

;j)  in  India.    It  has  also  been  cultivated  with  some  success  in 

ious  places  in  the  middle  and  southern  United  States.     The 

iest  varieties  mature  in  about  80  days. 

XI  India  the  seeds  are  used  almost  exclusively  as  human  food, 
straw  being  fed  to  cattle.  In  this  country  the  plant  has  been 
'^vm  both  as  a  forage  crop  and  as  a  green  manure  for  wheat, 
'he  beans  used  in  this  investigation  were  furnished  by  the 
^u  of  Plant  Industry  and  were  of  the  conunon,  oUve-green 
iety,  ovoid  to  globose  in  shape,  and  about  |  inch  in  length, 
variety  described  by  Roxburgh  was  the  less  common  yellow 
sort,  which  accounts  for  the  discrepancy  between  the  botan- 
name  and  the  color  of  the  ordinary  mung  bean, 
le  mung  bean  contains  about  21.74  per  cent  of  protein  (N 
■^  C25).  A  series  of  experiments  made  with  aqueous  solutions 
^^  ^tedium  chloride  (Table  I)  indicated  5  per  cent  as  the  most 
^S'^ctive  concentration  of  this  salt  for  the  extraction.  From  the 
'^^x^^ly  groimd  seed  twenty  volumes  of  5  per  cent  sodium  chloride 
ion  dissolved  about  19  per  cent  of  protein,  calculated  on  the 
weight  of  the  meal  used,  or  87.5  per  cent  of  the  total  protein. 
Tie  coagulation  points  of  the  proteins  in  the  5  per  cent  sodium 
chloride  extract  and  their  precipitation  limits  with  anmionium 
^^ate  were  next  determined.  A  very  low  coagulation  point  * 
(about  40°C.),  together  with  two  others  at  higher  temperatures, 
^aica,ted  an  albiunin  and  two  globulin  fractions.    The  experi- 
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merits  with  ammonium  sulfate  confirmed  'the  indication  of  the 
coagulation  points  regarding  the  globulins.  Two  principal  frac- 
tions were  precipitated,  the  first  at  from  0.15  to  0.20  of  saturation 
with  the  precipitant,  the  second  at  0.65. 

On  the  basis  of  the  information  thus  obtained  the  separation 
of  the  three  protein  fractions  was  undertaken.     The  procedure 
in  the  fractionation  of  the  globulins  was  essentially  the  same  as 
that  used  by  us  in  isolating  the  globulins  of  the  Georgia  velvet 
bean;^  that  is,  a  middle  fraction,  from  the  apparent  upper  limit  of 
the  first  main  precipitate  to  the  apparent  lower  limit  of  the  sec- 
ond, was  removed  before  the  latter  was  precipitated.     The  middle 
fraction  was  found  to  be  a  mixture  of  the  two  globulins.    That 
two  principal  globulins  may  thus  be  obtained  in  a  considerable 
degree  of  purity  is  demonstrated  by  the  fact  that,  in  the  investiga- — 
tion  referred  to,  a  globuUn  containing  no  detectable  trace  o^^ 
tryptophane  was  separated  from  one  which  gave  a  strongly  posL-^-- 
tive  test  for  this  amino-acid. 

The  albumin  of  the  mung  bean  was  obtained  by  coagulation  ^ 
Its  solutions  were  freed  from  soluble  inorganic  salts  by  dialj'sis,^ 
whereby  the  globulins  were  precipitated.  The  filtered  dialysis 
Uquors  yielded  the  albumin  on  very  sUghtly  acidifying  and  heat-^ 
ing  for  a  long  time  at  about  45°C. 

The  three  types  of  protein  preparations  differ  markedly  in  ^ 
physical  properties,  in  elementary  composition,  and,  in  the  x;ase  - 
of  the  two  globulins,  in  their  content  of  the  basic  amino-acids. 
The  }aeld  of  the  albumin  (0.05  per  cent)  was  so  small  that  a  deter- 
mination of  the  basic  amino-acids  was  impracticable. 

The  first  globulin  fraction,  precipitated  at  0.20  of  saturation 
with  ammonium  sulfate,  coagulated  from  its  slightly  acidified 
solutions  at  95-100°C.,  and  contained  about  1.5  per  cent  of  sulfur. 
It  has  been  designated  in  this  pap)er  as  the  a-globulin.  The  sec- 
ond fraction,  produced  by  raising  the  concentration  of  ammonium 
sulfate  in  the  filtrate  from  the  a-globulin  to  0.60  of  saturation, 
proved  to  be  a  mixture  of  the  a-  and  /3-globulins.  The  third 
fraction,  or  /3-globulin,  was  precipitated  by  making  the  filtrate 
.from  the  second  fraction  0.65  saturated  with  the  precipitant.  - 
It  coagulated  at  68-71°C.,  and  contained  about  0.4  per  cent  olT^ 

*  Johns,  C.  O.,  and  Waterman,  H.  C,  /.  Biol,  Chem.j  1920,  xlii,  59. 
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sulfur.  Albumin  was  found  in  the  precipitates  of  the  a-globulin 
and  of  the  second  fraction,  and  was  recovered  from  the  super- 
natant liquid  after  the  precipitation  by  dialysis  of  the  redissolved 
globulin. 

The  percentages  of  the  basic  amino-acids  in  the  two  globulins 
were  determined  by  Van  Slyke^s  method^  with  results  as  given 
in  Table  I. 

TABLE  I. 

BaHc  Amino-Adds  in  the  Mung  Bean  Globulins. 


A  mi  no-acid. 


Cystine . . 
Arginine. 
Histidine 
Lysine . . , 


a-Globulin. 

• 

/3-Globulin. 

I 

II 

I 

II 

per  cent 

per  cent 

per  cent 

per  cent 

1.44 

1.53 

0.00 

0.00 

5.14 

5.11 

7.54 

7.53 

3.26 

3.35 

1.97 

2.04 

.   6.07 

6.09 

9.07 

8  96 

III 


per  cent 

0.00 
7.62 
2.04 
9  S4 


The  method  of  isolation  in  detail,  and  the  analysis  and  phys- 
ical properties  of  the  proteins  are  given  in  the  following  section. 

EXPEBIMENTAL, 

Preliminary. 

Extraction  Experiments, — The  beans  were  ground  in  a  power- 
driven  pulverizing  mill.  Extraction  experiments  were  made 
upon  the  resulting  fine  meal  with  sodium  chloride  in  various 
concentrations  to  ascertain  the  solvent  best  suited  for  the  glo- 
l>ulins.  Samples  of  10  gm.  each  of  the  meal  were  added  to  200 
gm.  portions  of  the  solvent  and  stirred  imtil  thorough  mixture 
ivas  obtained.  The  meal  was  left  in  contact  with  the  solvent  for 
3  hours,  with  frequent  stirring  in  order  to  secure  as  complete  an 
extraction  as  possible.  The  extracts  were  then  filtered  through 
small  folded  filters  and  duplicate  10  cc.  aUquots  from  each  filtrate 
^uialyzed  for  nitrogen'   (Table  II).    The  maximum  extraction 


» Van  Slyke,  D.  D.,  /.  Biol.  Chem.,  1911-12,  x,  15. 

*  Acknowledgment  is  due  to  Mr.  S.  Phillips  of  this  Laboratory  for 
assistance  in  the  determinations  of  nitrogen  made  in  the  preparation  of 
%\i\B  paper. 
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was  obtained  with  5  per  cent  salt  solution;  19.00  per  cent  of 
protein  (N  X  6.25),  calculated  on  the  basis  of  the  dry  meal 
sample,  was  dissolved.  This  solvent  was  selected,  therefore,  for 
the  extraction  of  the  globulin  preparations. 


TABLE  II. 

Preliminary  Extraction  Experiments, 


Concentration  of  NaCI  in 
solvent. 

Nitrogen  extracted.* 

Protein  extracted* 
(NX  6.25). 

percent 

per  cent 

per  cent 

0.1 

2.12 

% 

13.25 

1.0 

2.29 

14.31 

3.0 

2.58 

16.13 

5.0 

3.04 

19.00 

7.0 

2.93 

18.31 

9.0 

2.92 

18.25 

11.0 

2.86 

17.88 

4.5 

2.96 

18.50 

5.5 

2.94 

18.38 

*  Calculated  on  the  basis  of  the  total  dry  meal  used. 


Coagulation  Points  of  the  Proteins  in  the  Saline  Extract. — ^To 
determine  the  number  of  proteins  present  in  the  5  per  cent  sodium 
chloride  extract  and  to  ascertain  the  method  best  adapted  for 
their  separation,  coa^ation  points  and  precipitation  limits  with 
ammonium  sulfate  were  determined. 

The  apparatus  used  for  the  coagulation  experiments  consisted 
essentially  of  a  thin  walled  test-tube,  provided  with  a  stirrer  and 
thermometer,  to  contain  the  extract;  the  tube  was  suspended  in 
a  beaker  which  served  as  a  water  bath.  A  black  background 
placed  immediately  behind  the  beaker  made  the  slightest  tur- 
bidity of  the  liquid  in  the  tube  clearly  visible. 

With  a  steady  rise  of  temperature  in  the  tube  of  about  0.2®C. 
per  minute  a  cloud  appeared  at  about  38°C.  This  increased 
gradually  in  density  until  the  temperature  reached  42.8**C., 
when  a  flocculent  coagulum  began  to  settle.  After  heating  at 
this  temperature  for  \  hour  the  supernatant  liquid  was  clear 
again.  The  very  small  precipitate  was  filtered  out  and  the  heat- 
ing resumed.  A  second  precipitate,  even  smaller  than  the  first, 
appeared  at  52-56.6°C.     This  was  removed  as  before  and  two 
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irge  coagula  were  obtained  at  64-75°C.  and  at  91-100°C.  Three 
istinct  protein  fractions  were  thus  indicated,  the  first  of  which, 
•y  reason  of  its  small  amount  and  very  low  coa^lation  point, 
ras  imdoubtedly  albumin.  The  large  quantity  and  higher  coagula- 
ion  points  of  the  other  two  main  fractions  made  it  seem  probable 
hat  they  were  globulins. 

Precipitation  with  Ammonium  Sulfate. — ^A  sample  of  100  cc. 
•f  the  extract  was  made  successively  from  0.05  to  0.70  saturated 
nth  the  precipitant.  The  dry,  finely  pulverized  salt  was  used, 
ach  portion  added  being  entirely  dissolved  and  the  solution 
Uowed  to  stand  for  some  minutes  before  more  was  added.  The 
irst  precipitate  was  produced  at  0.15  of  saturation.  On  increas- 
Qg  the  concentration  of  ammonium  sulfate  to  0.20  of  saturation 
he  precipitate  was  somewhat  increased,  became  flocculent  after 
,  short  time,  and  began  to  settle.  It  was  allowed  to  stand  for 
ome  hours,  filtered,  and  the  experiment  continued  with  50  cc. 
f  the  filtrate.  At  0.25  of  satm-ation  no  precipitate  at  all  was 
produced.  At  0.30  there  was  but  a  very  slight  turbidity.  From 
his  point  on  imtil  0.60  of  saturation  was  reached  each  addition 
aused  very  little  increase  in  the  cloudiness.  At  0.60  of  satura- 
ion  the  still  very  small  precipitate  became  flocculent  and  was 
Itered  oflf.  The  filtrate,  about  45  cc,  was  made  up  to  50  cc.  with 
.60  saturated  ammonium  sulfate  solution  and  another  0.05  of 
stturation  of  the  solid  salt  added.  A  very  heavy  precipitate  was 
ninediately  formed  which  was  not  noticeably  increased  by  bring- 
ig  the  concentration  of  the  precipitant  up  to  0.70  of  saturation. 
(Then  the  filtrate  from  this  fraction  was  saturated  with  ammonium 
iilfate  only  a  barely  visible  opalescence  resulted.  The  precipi- 
sktion  experiments,  therefore,  showed  the  presence  of  two  glo- 
ulins,  confirming  the  evidence  of  the  coagulation  experiments  in 
his  regard. 

On  the  basis  of  the  information  thus  secured  the  isolation  of  the 
»roteins  was  undertaken;  and  a  number  of  preparations  were 
lade.  The  imiformity  of  composition  of  the  preparations  of 
ach  type,  together  with  the  marked  difference  of  these  types 
rem  each  other,  furnished  ample  proof  of  their  separate  identity. 
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The  a-  and  fi-Globulins. 

From  2  to  4  kilos  of  the  bean  meal  were  mixed  with  5  liters 
per  kilo  of  a  5  per  cent  aqueous  solution  of  pure  sodium  chloride. 
The  mixtures  w^ere  kept  in  a  state  of  vigorous  agitation  for  2 
hours  by  means  of  a  mechanical  stirrer  after  which  they  were 
allowed  to  stand  for  from  15  to  20  hours  in  a  cold  storage  chamber 
at  a  temperature  of  about  2°C.  Enough  filter  paper  scrap  was 
then  added  to  produce  a  mass  of  a  consistency  suitable  for  press- 
ing. This  pulp  was  placed  in  musUn  bags  and  the  extract  ex- 
pressed in  a  powerful  press.  The  liquid,  which  contained  much 
starch  and  other  suspended  matter,  was  filtered  through  thick 
mats  of  filter  paper  pulp  on  large  Buchner  funnels.  The  filters 
were  washed  with  5  per  cent  salt  solution  and  the  washings  added 
to  the  filtrate. 

Preparation  of  the  a-GlobuUn. — Though  the  upper  limit  indi- 
cated for  this  fraction  in  the  preliminary  experiments  was  0.20, 
a  concentration  a  Uttle  higher  than  that  necessary  to  precipitate 
the  fraction  resulted  in  a  more  rapid  settling  and  easier  filtration; 
0.25  of  saturation  was  used.    No  precipitation  occurred  at  this 
point  in  the  preUminary  experiment.    The  precipitate  became  floc- 
culent  in  J  hour  and  settled  during  15  hours  standing.     The  super- 
natant, nearly  clear  hquid  was  drawn  off  as  completely  as  possible 
by  means  of  a  siphon  and  passed  through  a  folded  filter  previously 
moistened  with  a  0.25  saturated  solution  of  ammonium  sulfate. 
The  precipitate  was  then  drained  on  similar  filters.    This  process 
was  very  slow,  the  protein  acquiring  a  gummy  consistency  which 
made   it   nearly  impervious   to   Uquid.    The    preparation   was 
washed  from  the  filters  with  0.25  saturated  ammonium  sulfate, 
thoroughly  and  repeatedly  shaken  with  several  Uters  of  this  wash 
solution,  and  again  filtered  off.     The  glutinous  nature  of  the 
material  was  even  more  noticeable  in  this  than  in  the  first  sepa- 
ration; and  it  impeded  the  filtration  considerably.     After  about 
24  hours,  however,  the  wash  solution  was  usually  found  to  have 
drained  off  and  as  much  as  possible  of  the  globuUn  was  redis- 
solved  by  pulping  the  filters  in  1  or  2  Uters  of  5  per  qept  salt  solu- 
tion.    The  ammonium  sulfate  remaining  in  the  precipitate  was 
not  found  in  this  case  to  be  sufficient  to  furnish  a  solvent  for  the 
globulin  when  water  alone  was  used.    The  pulp  from  the  disin- 
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tegrated  filters  was  collected  on  a  circle  of  filter  cloth  on  a  small 
Buchner  funnel  and  formed  into  a  thick  mat  through  which  the 
^obulin  solution  was  passed  twice.  Considerable  denaturation 
evidently  took  place  during  the  preceding  processes,  for  a  very 
ine  suspension,  quite  insoluble  in  neutral  solvents,  was  foimd 
nixed  with  the  redissolved  globuUn  and  passed  repeatedly  through 
;hick  pulp  filter  mats.  The  globulin  was  freed  from  mineral 
lalts  and  precipitated  by  dialysis  in  parchment  paper  bags  against 
-Tinning  water  at  a  temperature  of  10-12°C.  When  the  super- 
latant  liquid  in  the  dialyzing  bags  no  longer  gave  a  test  for 
sulfates  or  chlorides  the  globulin  was  separated  from  it  by  decan- 
^ation  and  washed  several  times  with  distilled  water.  The  albu- 
xiin,  a  part  of  which  was  thrown  down  from  the  extract  with  the 
x-globulin  and  remained  in  solution  when  the  globulin  was  sepa- 
-ated  by  dialysis,  was  thus  removed.  The  material  was  finally 
suspended  for  24  hours  in  absolute  alcohol,  filtered  by  suction, 
cashed  with  absolute  alcohol  and  with  ether  imtil  the  alcohol 
^BB  washed  out,  and  dried  by  heating  at  110°C.  in  a  vacuum 
3ven. 

Preparation  of  the  p-Globulin. — The  filtrate  and  washings  from 
;he  first  precipitation  of  the  a-globulin  were  measured  and  made 
3.60  saturated  with  anunonium  sulfate.  The  small  precipitate 
vas  filtered  oflf,  washed,  redissolved,  and  dialyzed.  A  portion  of 
;he  dialysis  precipitate  was  dissolved  in  5  per  cent  sodium^chloride 
solution,  when  a  determination  of  coagulation  points  showed  it  to 
^e  a  mixture  of  the  a-  and  j8-globulins.  The  residual  Uquid  from 
Jie  dialysis  of  this  fraction  contained  albumin.  The  filtrate 
•rom  this  mixed  fraction  was  made  up  to  0.70  of  saturation  when 
;he  /3-globulin  separated  at  once  as  a  very  voluminous,  flocculent 
nass  which  gave  to  the  whole  Uquid  the  appearance  and  con- 
sistency of  thick  cream.  No  protein  could  be  detected  in  the 
iltrate,  and  the  precipitate  was  not,  therefore,  washed  with 
ixnmoniimi  sulfate  solution  as  was  the  a-globulin;  otherwise 
ihe  procedure  was  the  same.  The  yield  of  the  /8-globulin  was 
:rom  6.75  to  6.00  per  cent  of  the  dry  weight  of  the  meal  extracted. 

Physical  Properties  of  the  Globulins, — The  precipitation  limits 
mth  anunonium  sulfate  were  determined  in  the  preUminary 
experiments,  and  are  noted  under  that  head. 
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The  coagulation  ranges  of  the  isolated  globulins  were  approx- 
imately the  same  as  those  found  in  the  preliminary  examination 
of  the  mixed  extract,   but  were  considerably  narrower.    The 
a-globulin  coagulated  between  95-:100°C.,  the  j8-gIobulin  between 
68-7 1°C.    The  determinations  were  made  on  small  portions  of 
the  dialysis  precipitates  dissolved  in  5  per  cent  sodium  chloride 
solution  and  acidified  with  a  few  drops  of  1  per  cent  acetic  acid* 
The  results  obtained  with  all  our  preparations  of  the  globulin^ 
agree  closely  with  the  above  average  figures. 

Microscopic  examination  failed  to  reveal  any  evidence  o! 
crystalline  form  in  either  of  the  globulins.  The  a-globulin  was 
precipitated  by  dialysis  in  particles  so  fine  as  to  be  hardly  dis- 
tinguishable under  a  magnification  of  500  diameters,  wtule  under 
the  same  power  of  the  microscope  the  /8-globulin  presented  the 
appearance  of  coarse,  \itrcous  spheroids. 

The  finished  preparations  are  fine,  dusty  powders,  the  a- 
globulin  a  very  pale  gray,  the  /8-globulin  cream-white  in  color. 
They  absorbed  5  to  7  per  cent  of  moisture  when  exposed  to  the 
air  in  thin  layers.  After  drying,  both  globulins  were  insoluble  in 
neutral  solvents,  but  were  soluble  in  0.1  n  alkali. 

Qualitative  Examination, — The  ordinary  protein  reactions  were 
given  by  both  the  globulins.  The  color  reaction  of  tryptophane 
(Hopkins  and  Cole)  was  weak  though  undoubtedly  positive  with 
the  a-glpbulin  preparations;  the  /8-globuUn  gave  a  much  deeper 
color  in  this  test.  Millon's  reagent  yielded  with  both  globulins 
a  strongly  positive  test  for  tyrosine.  Molisch's  test  indicated  but 
traces  of  carbohydrate  in  the  j8-globulin,  and  in  the  a-globulin 
none  at  all  could  be  detected. 

Elementary  Composition, — The  hygroscopic  property  of  dried 
protein  preparations  makes  impracticable  the  accurate  weighing 
of  samples  dried  at  110°C.  All  the  preparations  were  therefore 
brought  to  equilibrium  with  the  moisture  of  the  air  before  analysis 
was  attempted,  the  moisture  content  (loss  at  llO^C.)  was  deter- 
mined, and  the  analyses  were  calculated  on  the  moisture-  and 
ash-free  basis.  In  order  to  avoid  contamination  with  dust 
•during  exposure,  and  to  bring  about  maximum  absorption  as 
rapidly  as  possible,  the  preparations  were  spread  in  thin  layers 
jn  shallow  dishes  and  placed  in  a  large  desiccator  provided  with 
tubulatures  both  in  the  side  and  cover.    A  bulb  tube  filled  with 


TABLE  III. 
a-Glohulin,* 


Preparation  I. 


Carbon... 
Hydrogen, 
l^itrogen.. 
Sulfur.... 
Oxygent.. 


per  cent 

52.93 
6.80 

15.53 
1.54 

23.20 


Ash 


IT 


per  cent 

53.02 

6.86 

15.50 

23.08 


1.78 


Averace. 


per  cent 

52.98 
6.83 

15.52 
1.54 

23.13 


CUarbon.. . 
Sydrogen. 
^Nitrogen.. 
Sulfur.... 
Oxygenf.. 


Preparation  III. 


53.99 
6.78 

15.67 
1.50 

22.06 


Ash 


53.91 

6.82 

15.53 

22.24 


1.25 


53.95 
6.80 

15.60 
1.50 

22.15 


Preparation  II. 


I 

II 

per  cent 

per  cent 

53.49 

53.59 

6.90 

6.86 

15.78 

15.64 

1.44 

22.39 

22.47 

1.88 

Ayerage. 

per  cent 

53.54 
6.88 

15.71 
1.44 

22.43 


Preparation  IV. 


54.02 
6.87 

15.75 
1.53 

21.73 


54.08 

7.03 

15.79 

21.61 

1.92 

54.05 
6.95 

15.77 
1.53 

21.67 


*  Analysis  calculated  on  the  ash-  and  moisture-free  basis, 
t  By  difference. 

TABLE  IV. 

fi-Olobulin* 


^Uarbon . . . 
IKydrogen. 
^^itrogen.. 
Sulfur.... 
^Dxygenf. . 


Preparation  I. 


per  cent 

52  82 
6.96 

16.73 
0.41 

23.08 


Ash 


II 


per  cent 

52.88 
6.85 

16.75 
0.38 

23.14 


0.59 


Average. 


per  cent 

52.85 
6  91 

16.74 
0.40 

23.11 


^ZJarbon... 
iKydrogen. 
^^^^itrogen.. 
Sulfur.... 
Oxygent.. 


Preparation  III. 


52.90 
6.79 

16.77 
0.38 

23.16 


Ash. 


52.85 

6.99 

16.88 

22.90 


0.22 


52.88 
6.89 

16.83 
0.38 

23.03 


Preparation  11. 


I 

II 

per  cent 

per  cent 

52  82 

52.81 

6.93 

6.88 

16.58 

16  52 

0.41 

23.26 

23.38 

0  71 

Average. 
per  cent 

52  82 
6.91 

16.55 
0.41 

23.32 


Preparation  IV. 


52.86 
6.85 

16.76 
0.43 

23.10 


52  94 

6.87 

16.84 

22  92 


0  43 


52.90 
6.86 

16.80 
0.43 

23  01 


*  Analysis  calculated  on  the  moisture-  and  ash-free  basis, 
t  By  difference. 

311 


312  Mung  Bean  Proteins 

absorbent  cotton  was  attached  to  the  upper  tubulature  to  filter 
the  dust  from  the  entering  air,  and  a  slow  current  was  drawn 
through  the  apparatus  by  connecting  a  weak  suction  to  the  side 
tubulature.  Under  these  conditions  the  moisture  content  became 
very  nearly  constant  in  about  48  hours.  The  globulins  were 
then  analyzed  with  the  results  shown  in  Tables  III  and  IV. 

The  Basic  Amino-Acids  and  Nitrogen  Distribution. — Samples 
of  approximately  3  gm.  of  the  globulins  were  hydrolyzed  by 
boiling  24  hours  with  100  cc.  of  20  per  cent  hydrochloric  acid. 
The  hydrolysates  were  analyzed  by  Van  Slyke's^  method,  using 
amyl  alcohol  and  ether*  in  the  decomposition  of  the  phospho- 
tungstates  of  the  basic  amino-acids.  The  figures  obtained  by 
this  method  for  cystine  are  without  doubt  low,  since  the  condi- 
tions of  the  hydrolysis  are  such  that  a  notable  portion  of  this 
amino-acid  must  be  destroyed.  In  the  case  of  the  /S-globulin, 
in  which  no  cystine  at  all  could  be  found  in  three  analyses,  another 
factor  enters;  namely,  the  solubility  of  cj^ine  phosphotungstate. 
This  was  found  by  Van  Slyke  to  be  equivalent  to  0.0026  gm.  of 
cystine  nitrogen,  0.0222  gm.  of  cystine,  imder  the  prescribed 
conditions  of  the  analysis.  It  would  be  possible  in  this  case, 
therefore,  for  about  0.78  per  cent  of  cystine  to  have  escaped 
detection  even  if  none  was  decomposed  during  the  hydrol)^. 
The  figures  obtained  are  given  in  Tables  V,  VI,  VII,  and  VIII. 

With  the  exception  of  the  extremely  small  proportion  of  cystine, 
the  nitrogen  distribution  of  the  /8-globulin  of  the  mung  bean  is 
very  similar  to  that  of  other  bean  globulins  so  far  examined. 
The  a-globulin  shows  some  differences,  *  however.  The  arginine 
nitrogen  is  decidedly  low,  while  the  lysine  nitrogen  is  not  so  high 
as  in  most  of  the  bean  globulins  analyzed. 

*  Van  Slyke,  D.  D.,  J,  BioL  Chem.y  1915,  xxii,  281. 
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TABLE  V. 

Distribution  of  Nitrogen  in  the  a-Globulin  Determined  by   Van  Slyke^s 

Method* 

Sample   I,   moisture-  and   ash-free,   2.7769   gm.   protein,   0.4351    gm. 

nitrogen. t 

Sample  II,   moisture-  and   ash-free,   2.7758  gm.   protein,  0.4349  gm. 

nitrogen,  t 

Aver- 
age. 


Amide  N 

Humin  N  adsorbed  by  lime 

N  in  amyl  alcohol  extract. 


« 


Cystine  N. . 
Arginine  N. 
Histidine  N. 
Lysine  N 


Amino  N  of  filtrate 

Non-amino  N  of  filtrate 


Total  nitrogen  recovered 


1 

I 

II 

I 

II 

om. 

gm. 

per  rent 

l>eT  cent 

0.0405 

0.0414 

9  31 

9.52 

0.0112 

0.0121 

2.57 

2.54 

0.0000 

0.0000 

0.00 

0.00 

0.0047 

0.0050 

1.08 

1.15 

0.0460 

0.0457 

10.57 

10.51 

0.0246 

0.0252 

5.65 

5.79 

0.0324 

0.0325 

7.45 

7.47 

0.2647 

0.2664 

60.84 

61.25 

0.0104 

0.0078 

2.39 

1.80 

0.4345 

0.4361 

99.86 

100.03 

per  cent 

9  42 
2.56 
000 

1.12 

10.54 

5.72 

7.46 

61.05 
2.10 

99.97 


•  Nitrogen  figures  corrected  for  the  solubilities  of  the  phosphotungstates 
of  the  basic  amino-acids. 

t  Nitrogen  content  of  the  protein  15.67  per  cent. 


TABLE  VI. 
Basic  AminO'Acids  in  the  a-Globulin. 


A  mi  no-acid. 


Cystine . . 
Arginine. 
Sistidine 
Xysine . . . 


I 


per  cent 

1.44 
5.14 
3.26 
6.07 


II 


per  cent 

1.53 
5.11 
3.35 
6.09 


Average. 


per  cent 

1.49 
5.13 
3.31 
6.08 
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TABLE  VIII. 

Basic  AminO'Acids  in  the  fi-Globulin, 


Amino-acid. 

I 

II 

III 

Average. 

Cystine 

per  cent 

0.00 
7.54 
1.97 
9.07 

per  cent 

0.00 
7.53 
2.04 
8.96 

per  cent 

0.00 
7.62 
2.04 
9.84 

• 

per  cent 
0.00 

Aririnine 

7.56 

PTistiHine 

2.02 

Lysine 

9.29 

The  Albumin. 

This  was  obtained  from  two  sources.  (1)  The  meal  was 
extracted  with  distilled  water.  This  dissolved  the  albumin, 
"together  with  a  considerable  quantity,  of  globulin  the  solution  of 
which  was  made  possible  by  the  soluble  mineral  salts  present  in  the 
meal.  The  salts  were  removed  and  the  globulin  was  precipitated 
by  dialyzing  for  some  days  against  running  cold  water,  as  was 
done  in  the  preparation  of  the  globulins;  then  the  precipitate  was 
rerhoved  by  decantation  and  filtration  and  the  dialysis  was  con- 
tinued 10  days  more  in  repeated  changes  of  distilled  water  at  a 
temperature  of  about  2°C.  The  ver>'  small  further  precipitate  of 
globulin  was  separated  as  before.  From  the  clear  solution  the 
albumin  was  coagulated  by  slightly  acidifjdng  with  acetic  acid 
and  heating  for  2  hours  at  4o°C.  The  coagulation  range  is  37- 
43.5°C.  The  coagulum  was  collected  on  a  hardened  filter,  washed 
with  warm  distilled  water,  dehydrated,  and  dried  exactly  as  were 
the  globulins.  The  yield  was  about  0.05  per  cent  of  the  meal 
extracted.  (2)  Albumin  was  found  in  the  precipitates  of  the 
a-globulin  and  of  the  middle  fraction  and  was  present  in  super- 
natant liquids  remaining  after  these  fractions  had  been  separated 
out  by  dialysis.  Such  solutions  were  further  dialyzed  until  no 
more  globulin  separated,  and  after  filtering  the  albumin  was  coagu- 
lated as  above  described.  The  jdeld  from  this  source  was  0.02 
to  0.03  per  cent  of  the  original  meal. 

Physical  Properties. — ^The  most  important  of  these,  namely 
solubility  in  water  in  the  absence  of  soluble  salts,  and  coagula- 
bility in  the  presence  of  a  trace  of  acid  at  a  very  low  temperature, 
liave  been  noted  in  the  preceding  paragraphs;  these  character- 
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istics  serve  to  define  the  material  as  albumin.     The  dried  sub- 
stance is  in  all  respects  similar  to  the  globulin  preparations. 

Elementary  Composition, — The  analysis  was  carried  out  in 
exactly  the  same  way  as  were  thase  of  the  globulins.  The  result 
is  summarized  in  Table  IX. 


TABLE  IX. 
Albumin* 

• 

Preparation  I. 

I 

II 

Average. 

Carbon 

per  cent 

54.32 
6.95 

14.83 
1.10 

22.80 

per  cent 

14.68 

per  cent 

54  32 

Hydrogen 

6  95 

NitroKcn 

14  76 

Sulfur 

1  10 

Oxyirent 

■ 

22  87 

Ash 

1  20 

*  Analysis  calculated  on  the  ash-  and  moisture-free  basis. 
t  By  difference. 

Qualitative  Examination, — The  albumin  show^s  all  the  usual 
protein  reactions;  Hopkins  and  Cole's  test  for  tryptophane  gives 
an  unusually  strong  color,  while  the  tyrosine  reaction  of  Millon 
is  slow  to  develop  and  the  color  deepens  only  slightly  during  long 
standing. 

SUMMARY. 

The  mung  bean  contains  about  21.74  per  cent  of  protein  (N  X 
6.25).  Experiments  with  aqueous  sodium  chloride  in  various 
concentrations  indicated  a  5  per  cent  solution  as  the  most  effec- 
tive extractant;  it  dissolved  19.0  per  cent  of  protein  from  the 
finely  ground  seed. 

The  5  per  cent  sodium  chloride  extract  yielded  two  globulins, 
designated  the  a-  and  /8-globulins,  by  fractional  precipitation 
with  ammonium  sulfate  and  subsequent  purification  of  the  frac- 
tions as  described  in  the  foregoing  pages.  The  yields  were  0.35 
and  5.75  per  cent,  respectively,  computed  on  the  basis  of  the  dry 
material  extracted.  Traces  of  albmnin,  .also,  were  obtained  from 
extracts  from  which  all  the  globulin  had  been  precipitated  by 
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prolonged  and  repeated  dialysis.  The  albumin  remained  in  solu- 
tion during  the  dialysis  and  was  separated*  by  slightly  acidifying 
and  coagulating  at  45°C.  The  yield  of  the  albumin  was  from 
0.02  to  0.05  per  cent  of  the  weight  of  the  bean  meal. 

Analyses  showed  marked  differences  in  the  nitrogen — and  still 
fur — content  of  the  three  proteins.  The  globulins  were  sul- 
further  distinguished  from  each  other  by  marked  differences  in 
their  percentages  of  the  basic  amino-acids,  determined  by  Van 
Slyke's  method.  The  /^-globulin  contained  so  little  cystine  that 
that  remaining  undecomposed  after  hydrolysis  escaped  precipi- 
tation by  phosphotungstic  acid  and  could  not  be  determined  by 
Van  Slyke's  method. 


CHEMISTRY  OF  THE  WHITEFISH  SPERM. 

By  VERNON  LYNCH.* 
{From  the  Department  of  Biochemistry ,  University  of  Cincinnati^  Cincinnati,) 

(Received  for  publication,  July  27,  1920.) 

Preparation. 

For  the  following  analyses  about  2  kilos  of  the  ripe  testicles  of  the  com- 
mon whitefish  {Coregonus  albus)  of  the  Great  Lakes  were  employed.  This 
material,  which  had  been  packed  in  ice,  was  cleaned  and  passed  through 
a  meat  grinder,  and  the  resulting  fluid  mass  was  filtered  through  cheese- 
cloth. As  shown  by  microscopic  examination,  the  tails  of  the  spermatozoa 
were  no  longer  visible,  their  disappearance  being  probably  the  result  of 
autolysis.  After  the  addition  of  an  equal  volume  of  water  to  reduce  the 
viscosity,  the  sperm  heads  were  thrown  down  as  a  solid  white  mass  by 
rapid  centrifuging.  The  supernatant  liquid  was  then  drawn  off,  and  the 
heads  were  suspended  in  water  and  again  centrifuged  rapidly.  After  four 
such  washings,  the  heads  are  pure  white  and  do  not  stick  together. 

This  material  was  added  to  three  volumes  of  95  per  cent  alco- 
hol, after  a  small  portion  had  been  reserved  for  the  determination 
of  the  water  content.    The  mass  of  sperm  heads  was  extracted 

*  The  work  of  which  the  results  are  embodied  in  the  following  pages 
was  carried  out  in  my  laboratory  in  the  University  of  Chicago  and  under 
my  direction  two  or  three  years  ago.  The  manuscript  was  unfortunately 
mislaid  and  was  not  found  until  after  my  discharge  from  the  Army.  There 
has  consequently  been  a  delay  of  three  years  in  the  publication  of  the 
paper.  In  the  meantime  the  death  of  the  author  by  accident  has  lost  to 
American  science  one  of  its  most  talented  young  men.  Dr.  Lynch's  mind 
was  unusually  keen  and  active,  and  he  possessed  a  winning  personality, 
marked  originality,  courage,  and  vitality.  The  manuscript  is  published 
in  the  form  in  which  he  left  it,  with  a  few  minor  changes  and  corrections. 

The  chemistry  of  the  sperm  head  is  from  every  point  of  view  interesting 
and  important.  Practically  only  three  nuclei  have  been  quantitatively 
analyzed;  namely,  the  sperm  head  of  salmon,  that  of  the  herring,  and  the 
nuclei  of  the  corpuscles  of  the  blood  of  geese.  It  was  to  secure  additional 
iixformation  along  these  lines  that  Dr.  Lynch  undertook  the  analysis  of  the 
sperm  head  of  the  whitefish,  Coregonus  albus.  The  material  was  kindly 
'^Umished  by  the  Booth  Fisheries  Company. — Albert  P.  Mathews, 
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four  times  with  boiKng,  redistilled  alcohol,  and  twice  with  redis- 
tilled ether.  These  extracts  were  united  and  evaporated  to  dry- 
ness, but  the  amount  of  lipin  material  obtained  was  negligible 
and  was  not  analyzed.  In  the  sperm,  at  least,  the  lipins  are 
almost  entirely  in  the  cytoplasm,  and  no  nucleus  has  yet  been 
shown  to  contain  much  fatty  material. 

It  is  this  composition  of  the  nucleus  which  in  part  accounts 
for  the  fact  that  the  microscopic  appearance  of  the  nuclei  remains 
unchanged  through  the  course  of  this  preparation,  but  the  possi- 
bility of  the  loss  of  material  from  the  nuclei  is  by  no  means 
excluded. 

The  yield  of  dried  heads  was  about  100  gm. 

Physical  Properties. 

The  heads  of  these  spermatozoa  are  very  heavy  and  are  readily 
thrown  down  by  centrifuging.  This  high  specific  gravity  is  due 
to  the  large  content  of  nucleic  acid,  which  contains  much  phos- 
phorus, and  to  the  unusually  small  amount  of  water  which  they 
hold.  The  water  content  of  some  centrifuged  heads,  from  which 
as  much  as  possible  of  the  adhering  water  had  been  removed  with 
filter  paper,  was  found  to  be  48.7  per  cent.  As  would  be  expected 
from  such  concentrated  nuclei,  a  high  index  of  refraction  is 
observed. 

The  heads  appear  to  be  little  affected  by  a  great  many  strong 
chemical  reagents.  They  are  insoluble  in  water,  ammonia,  and 
solutions  of  ordinary  salts,  and  are  only  partially  attacked  by 
dilute  sulfuric,  nitric,  hydrochloric,  and  acetic  acids.  Dilute 
sodium  and  potassium  hydroxide  dissolve  them  slowly.  Of 
special  interest  is  the  ease  with  which  they  are  attacked  by 
dilute  phosphoric  acid  and  acid  phosphate  solutions.  With 
these  comparatively  weak  reagents,  they  swell  up,  become  sticky, 
agglutinate,  and  may  dissolve.  Thus  their  solution  is  effected 
not  so  readily  by  *a  strong  reagent  as  by  an  adequate  one.  The 
ease  with  which  they  swell  after  entering  the  egg  cytoplasm  is 
well  known.  In  general  it  was  noted  that  substances  which  had 
a  solvent  action  upon  these  dead  speiTn  heads  would  also  agglu- 
tinate a  suspension  of  thorn. 
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The  neutral  salt  of  protamine  and  nucleic  acid  exhibits  similar 
properties,  but  SteudeP  found  evidence  of  a  smaller  molecular 
aggregation  in  the  salt  of  clupeine  and  nucleic  acid  than  that 
present  in  the  spenn  head.  He  found  that  a  solution  of  the 
artificial  salt  of  protamine  nucleate  had  a  lower  viscosity  than 
the  same  concentration  of  the  dissolved  sperm  heads  and  he 
suggested  to  account  for  this  that  the  nucleic  acid  in  the  sperm 
head  was  polymerized.  Some  support  for  this  view  is  given  later 
in  the  paper  where  it  is  shown  that  1  molecule  of  protamine  in 
the  sperm  head  has  united  with  it  4  molecules  of  nucleic  acid. 

• 

Ultimate  Analysis. 

The  following  determinations  of  carbon  and  hydrogen  in 
the  alcohol-ether-extracted  sperm  heads  were  made  by  Liebig 
combustions. 


Sample. 

COt 

C 

gm. 

0.3478 
0.2456 
0.5642 

gm. 

0.5378 
0.3778 
0.8671 

gm. 

0.1467 
0.1030 
0.2365 

per  cent 

42.16 
41.97 
41.94 

Avera«e 

42.02 

— 

Sample. 

HK) 

H 

gm. 

0.3478 
0.2456 
0.5642 

am. 

0.1813 
0.1309 
0.2841 

gm. 

0.0201 
0.0145 
0.0316 

per  cent 

5.79 
5.91 
5.60 

Average 

5.77 

The   nitrogen   determinations   were   made   by    the   Gunning- 
Arnold  Kjeldahl  method. 


^Steudel,  H.,  Z.  physiol.  Chem.,  19i3,  Ixxxiii,  72. 
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Sample. 

N 

gm. 

0.4943 
0.3679 

gm. 

0.1064 
0.0784 

per  cent 

21.52 
21.31 

Average 

21.41 

The  phosphorus  determinations  were  made  by  wet  ashing  as 
in  the  Neumann  method  and  weighed  as  magnesium  pyro- 
phosphate. 


• 

- 

Sample. 

MgtPsOr 

P 

gm. 

0.4105 
0.5485 

gm. 

0.0927 
0.1239 

gm. 

0.0258 
0.0345 

per  cent 

6.28 
6.29 

The  results  are  given  in  Table  I,  and  beneath  are  given  certain 
data  from  analyses  of  other  nuclei  for  comparison. 

The  values  for  carbon  and  hydrogen  are  lower  than  those 
found  in  an  ordinary  protein.  This  is  due  principally  to  the 
large  proportion  of  nucleic  acid  in  which  the  values  are  even 
lower.  The  high  content  of  nitrogen  is  due  to  the  presence  of  a 
basic  protein,  protamine.  Where  the  protein  is  a  less  basic 
histone,  the  values  for  nitrogen  are  lower,  as  in  nucleohistone 
for  example.  The  high  content  of  phosphorus  shows  the  pres* 
ence  of  a  large  amount  of  nucleic  acid,  70  per  cent  or  more, 
for,  as  will  be  seen  below,  practically  all  the  phosphorus  is  in 
this  combination.  In  nuclei  where  the  protein  is  less  basic, 
the  proportion  of  nucleic  or  phosphoric  acid  to  protein  is  less. 
The  ratio  of  phosphorus  to  nitrogen,  being  about  the  same  in 
the  sperm  and  in  a  neutral  salt  of  nucleic  acid  and  protamine,  is 
evidence  that  the  sperm  is,  in  great  part,  a  neutral  protamine 
nucleate. 

The  nucleic  acid  nitrogen  is  calculated  from  the  phos- 
phorus content,  employing  the  percentage  formula  of  Steudel, 
C4SH57N15P4O30.  It  will  be  observed  that  the  nucleic  acid 
nitrogen  makes  about  half  the  total  nitrogen.  The  other  half 
is  almost  entirely  protamine  nitrogen. 
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The  ash  determination  is  of  little  significance.  It  consists  very 
largely  of  phosphoric  acid,  and  comparison  with  the  phosphorus 
percentage  shows  that  some  of  the  phosphoric  acid  has  been  lost, 
presumably  by  reduction  of  the  phosphorus.  It  was  not  possible 
to  free  the  ash  of  carbon  entirely.  The  only  base  determined  in 
the  ash  was  calcium. 

TABLE  I. 
Analyses  of  Nuclei. 


C 

per 
cent 

42.16 

41.97 
41.94 

H 

per 
cent 

5.79 

5.91 
5.60 

5.77 
5.75 

5.60 

N 

P 

per 
cent 

6.28 
6.29 

6.29 
6.07 

6.42 

3.93 
5.23 

P 

N 

Nu- 
cleic 
acid 
nitro- 

ProU- 
xnine 
nitro- 
gen. 

Afih. 

per 
cent 

6.18 
5.4 

5.79 

Ca 

Fe 

per 
cent 

0 

Nu- 
cleio 

acid 
calcu- 
la  ted. 

Whitefish. 
Sperm  heads. 

per 
cent 

21.52 
21.31 

21.42 

per 
cent 

10.65 

per 
cent 

per 
cent 

0.097 

per 
cent 

Average 

42.02 

1 
3.404 

10.77 

0.097 

70.25 

Herring*  sperm. 

l€              4.           « 

Clupeinet 
nucleate. 

Nuclei  of 

41.20 
43.69 

21.06 
20.78 

17.20 
16.37 

1 
3.470 

1 
3.237 

1 
3.211 

1 

9.28 
10.87 

6.65 
8.85 

11.78 
9.91 

9.55 
8.02 

corpuscles,  t 
Nucleohistone. 

4.376 

1 

3.226 

•  Mathews,  A.,  Z.  physiol.  Chem.,  1897,  xxiii,  399. 
t  Steudel.i 

t  From  blood  corpuscles  of  birds,  Ackermann,  D.,  Z.  physiol,  Cfiem,, 
1904-05,  xliii,  299. 

The  absence  of  iron  is  of  special  interest.  No  iron  could  be 
detected  with  potassium  thiocyanate  in  the  ash  obtained  either 
by  the  Neumann  method  or  in  the  electric  muffle.  No  organic 
compounds  of  iron  were  present  in  this  extracted  nucleus.    More- 
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over,  the  common  text-book  statement  that  nucleoprotein  alwax's 
contains  iron  is  erroneous.  It  may  be  doubted  if  pure  nucleo- 
protein ever  contains  iron.  The  sperm  heads  contained  no 
potassium  and  only  0.097  per  cent  of  calcium.  The  presence  of 
calcium  in  small  amounts  has  been  observed  also  in  the  other 
sperm  heads  examined,  so  that  it  seems  to  be  generally  present. 
This  amount,  however,  would  correspond  to  less  than  1  atom  of 
Ca  to  5  molecules  of  protamine  nucleate. 

The  attempt  was  now  made  to  isolate  the  nucleic  acid  and 
protamine  and  to  determine  the  actual  amounts  of  these  present 
in  the  sperm  heads. 

In  the  computations  which  follow  the  formula  for  nucleic  acid 
of  Steudel,  namely  C43H67NUP4O80,  has  been  the  one  used,  and 
for  protamine,  namely  the  coregonine,  the  formula  C96Hi84NmO». 
Kossel  and  Dakin^  suggested  for  salmine  the  formula  CggHweNMOn. 
Taylor*  suggested  for  salmine,  C96H174N54O12.  The  formula  which 
has. been  adopted  above  is  on  the  hypothesis  that  1  molecule  of 
coregonine  yields  12  molecules  of  arginine,  3  serine,  1  valine,  and 
2  proline  groups,  and  that  1  molecule  of  water  is  eliminated 
between  each  two  amino-acids.  Then  the  formula  should  not 
be  that  of  Taylor  but  the  one  given.  This  would  be  formed  by 
the  following  reactions: 

12  arginine  (CeHi4N402)  -}-  3  serine  (CHtNO,)  -}-  1  valine  (C»H„NOi)  + 
2  proline  (CsH.NOa)  =  1  salmine  (CmH,84N540jj)  +  17  H2O 

This  would  contain  30.90  per  cent  N;  and,  if  each  of  the  arginine 
groups  combined  with  1  molecule  of  sulfuric  acid,  the  sulfate 
C96H184N54O22 .  12  H2SO4  should  contain  20.88  per  cent  N.  I 
actually  found  21.06  per  cent.  This  formula  requires  for  arginii^e 
nitrogen  88.9  per  cent  and  for  monoamine  nitrogen  11.1  per  cent; 
whereas  Kossel  found  in  this  protamine  87.3  and  9.4  per  cent 
respectively.  Coregonine  is  evidently  ver>'  closely  allied  to,  if 
not  identical  with,  salmine.  From  the  Chinook  salmon,  he  ob- 
tained 86.2  and  9.4  per  cent  respectively,  and  in  the  Rhine  sal- 
mon 87.8  arginine  N  and  9.2  per  cent  of  monoamino-acid  N. 
From  salveline,  the  protamine  of  the  closely  allied  form  of  lake 
trout,  he  got  from  the  alpha-salveline,  88.9  per  cent  basic  N, 
and  7.1  per  cent  monoamino-acid  N. 

'Kossel,  A.,  and  Dakin,  H.  D.,  Z.  physiol.  Chem.,  1904,  xli,  414. 
3  Taylor,  A.  E.,  /.  Biol.  Chevi.,  1908-09,  v,  394. 
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Furthermore  since  the  sulfate  of  coregonine  shows  1  molecule 
of  sulfuric  acid  combined  with  each  arginine  group,  making  two 
acid  equivalents  to  each  such  group,  or  24  acid  equivalents  in  all, 
the  formula  adopted  for  the  coregonine  nucleate  of  the  sperm 
head  is  C9CH184N54O22  (C4sH57Ni6P40,o)4  -  24H2O,  or  C9«Hi6oN540« 
(C4»HbiNi6P4024)4-  100  gm.  of  sperm  heads  should  yield  accord- 
ing to  this  formula  32.33  gm.  of  protamine  and  73.28  gra.  of  nu- 
cleic acid. 

An  attempt  was  made  to  separate  the  protamine  and  nucleic 
acid  and  determine  them. 

Nucleic  Acid. 

The  usual  method  of  isolating  the  nucleic  acid  from  a  tissue  is 
by  treatment  with  sodium  hydroxide,  precipitating  the  sodium 
nucleate  with  alcohol,  and  reprecipitating  it  in  acid  alcohol 
as  the  free  acid.  In  the  hands  of  Steudel*  this  method  has 
yielded  as  much  as  91  per  cent  of  the  theoretical  amount  of 
nucleic  acid  calculated  from  the  phosphorus  content  of  the  her- 
ring sperm.  Of  the  total  phosphorus  content  as  much  as  95  per 
cent  was  actually  isolated  in  the  form  of  nucleic  acid,  and  there  is 
reason  to  believe  that  the  rest  was  in  this  same  combination. 

Professor  Mathews  suggested  that  the  nucleic  acid  might  be 
completely  removed  from  a  solution  of  the  sperm  heads  by  pre- 
cipitation with  lead.  Since  the  heads  are  dissolved  in  sodium 
hydroxide,  a  freshly  prepared  solution  of  basic  lead  acetate 
(specific  gravity  1.25)  was  employed.  Protamine  is  not  pre- 
cipitated by  basic  lead  acetate. 

In  order  to  test  the  completeness  of  the  separation,  a  solution 
of  sodium  nucleate  was  precipitated  with  basic  lead  acetate,  and 
it  was  shown  by  examination  of  the  filtrate  that  all  the  phos- 
phorus had  been  removed.  The  lead  salt  was  converted  into  the 
sodiimi  salt  with  a  final  loss  of  less  than  2  per  cent. 

A  sample  of  the  sperm  heads  weighing  23.33  gm.  was  shaken 
for  several  hours  with  1,400  cc.  of  1.5  per  cent  NaOH,  and  a  few 
resistant  particles  were  dissolved  separately  with  a  stronger 
solution.  The  nucleic  acid  was  precipitated  with  an  excess  of 
the  freshly  prepared  basic  lead  acetate,  and  the  precipitate,  con- 

*Steudel,  H.,  Z,  physiol.  Chem.,  1911,  Ixxiii,  471. 
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taining  lead  nucleate  and  impurities,  was  washed  until  prac- 
tically free  from  protamine,  as  shown  by  the  biuret  reaction,  and 
then  dried  and  weighed. 

23.33  gm.  of  sperm  heads  yielded  59.885  gm.  of  lead  precipi- 
tate. (There  was  a  small  loss  of  material  in  the  foregoing  anal- 
ysis so  that  this  figure  is  not  so  accurate  as  it  should  have  been.) 
This  precipitate  was  found  to  contain  4.56  per  cent  of  N  and 
2.46  per  cent  of  P.  These  low  figures  show  that  the  precipitate 
contained  a  large  amount  of  lead  oxide  and  must  have  been  the 
basic  salt.  The  precipitate  gave  a  very  faint  biuret  reaction, 
showing  that  it  was  not  entirely  free  from  protamine.  The 
ratio  of  P :  N  in  the  foregoing  is  1 : 1.87,  whereas  nucleic  acid 
requires  1: 1.66.  This  slight  excess  of  N  is  due  probably  to  the 
protamine  impurity. 

If  all  the  P  in  the  precipitate  is  nucleic  acid,  we  calculate  that 
the  59.885  gm.  of  precipitate  must  contain  16.39  gm.  of  nucleic 
acid,  and  as  this  amount  was  obtained  from  23.33  gm.  of  sperm 
100  gm.  of  sperm  would  yield  70.25  gm.  of  nucleic  acid,  in  place 
of  the  73.28  gm.  required.  If  the  nucleic  acid  is  calculated  from 
the  nitrogen  content,  since  nucleic  acid  contains  15.14  per  cent  of 
N,  this  would  be  17.65  gm.  of  nucleic  acid  from  23.33  gm.  of 
sperm  or  73.92  gm.  of  nucleic  acid  from  100  gm.  of  sperm,  in 
place  of  the  73.28  gm.  required.  The  agreement  is  therefore 
very  good;  a  mean  of  72.08  gm.  being  obtained  in  place  of  73.28 
gm.  calculated. 

That  the  precipitate  is  nucleic  acid  is  shown  also  by  the  close 
agreement  of  the  ratio  of  P:  N  in  the  precipitate  after  an  attempt 
to  convert  it  to  the  sodium  salt.  3.2096  gm.  were  dissolved  in 
sodium  hydroxide,  partially  freed  from  lead  by  passing  in  HfS 
for  15  minutes,  neutralized  with  acetic  acid,  concentrated,  and 
precipitated  with  alcohol.  The  precipitate  weighed  dry  1.1483 
gm.  Analysis  showed  that  it  was  chiefly  the  neutral  lead  salt 
containing  8.69  per  cent  of  N  and  5.23  p)er  cent  of  P.  The  ratio 
of  P:  N  is,  however,  1:1.66,  whereas  nucleic  acid  requires  1:1.69. 

Protamine, 

Some  insight  into  the  nature  of  the  protein  constituent  of  this 
nucleus  may  be  had  from  the  results  of  the  protein  reactions 
upon  the  extracted  sperm  heads: 
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1.  Biuret.    On  solution  in  NaOH.     Positive. 

2.  Millon.     Heated.    Also  let  stand  20  days.    Negative. 

3.  Xanthoproteic  reaction.    Positive. 

4.  Reduced  sulfur.    Negative. 

5.  Tryptophane  reactions.  Adamkiewicz,  glyoxylic  acid,  and 
Liebermann.    Negative. 

6.  Ehrlich's  diazobenzenesulfuric  acid,  on  solid.     Positive. 
The   absence   of  tyrosine,    cystine,    and    tryptophane    is    in 

accord  with  the  view  that  the  only  protein  present  is  a  protamine. 
The  positive  xanthoproteic  reaction  is  attributed  to  the  nucleic 
acid. 

A  quantitative  estimation  of  the  protamine  was  made  in  two 
ways:  (1)  by  determining  the  nitrogen  in  the  filtrate  left  after 
precipitation  of  the  nucleic  acid  with  lead;  (2)  by  extracting 
the  protamine  from  a  sample  of  sperm  with  dilute  sulfuric  acid. 

The  filtrate  left  after  precipitation  of  the  nucleic  acid  with  basic 
lead  acetate  appears  to  contain  no  other  protein  than  protamine. 
It  gives  the  characteristic  strong  biuret  reaction  and  gives  a 
precipitate  with  nucleic  acid  and  alkaloidal  reagents,  but  other 
protein  reactions  are  negative  and  phosphorus  is  •  absent.  A 
rough  estimation  of  the  protamine  may  therefore  be  made  by 
determining  the  nitrogen  in  this  solution,  assuming  that  core- 
gonine,  like  salmine,  contains  30.93  per  cent  of  nitrogen. 

gtn. 

Total  N  of  filtrate 2.2627 

Protamine,  calculated 7.315 

100  gm.  of  sperm  heads  would  therefore  have  yielded  31.36 
gm.  of  protamine.  This  is  nearly  that  calculated  from  the  above 
formula  of  32.33  gm.  In  view  of  the  fact  that  a  small  amount 
of  protamine  was  still  in  the  lead  nucleinate  precipitate,  this 
must  be  considered  as  a  fair  agreement. 

A  more  accurate  determination  of  the  protamine  is  probably 
presented  by  the  sulfuric  acid  extraction.  9.2805  gm.  of  dried 
extracted  sperm  heads  were  extracted  in  a  mortar  with  three 
successive  portions  of  10  per  cent  H2SO4  and  the  protamine 
sulfate  was  precipitated  in  five  volumes  of  95  per  cent  alcohol, 
allowing  the  precipitate  to  stand  in  the  alcohol  over  night.  The 
white  precipitate  was  washed  in  95  per  cent  alcohol  and  absolute 
alcohol  and  dried  in  a  vacuum  desiccator.    The  yield  of  prota- 
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mine  sulfate  from  one-half  the  sulfuric  acid  extraction  fluid  was 
2.0851  gm.,  which  on  resolution  in  water  and  reprecipitation 
yielded  1.9820  gm.  A  nitrogen  determination  on  this  precipitate 
showed  21.06  per  cent  of  X.  0.5351  gm.  of  protamine  sulfate  gave 
0.1127  gm.  N  =  21.06  per  cent.  Required  for  CjHjHiMNMOa. 
I2H2SO4  is  20.88  per  cent. 

Thus  9.2805  gm.  of  sperm  heads  yielded  3.9640  gm.  of  prota- 
mine sulfate  after  reprecipitation,  or  4.17  gm.,  as  first  precipi- 
tated. .The  latter  figure  would  give  2.816  gm.  of  protamine. 
100  gm.  of  sperm  would  at  this  rate  have  yielded  30.33  gm.  of 
protamine,  whereas  the  formula  requires  32.33  gm. 

Sunmiarized  we  have  then  the  following  as  the  composition  of 
the  sperm  chromatin. 


Required        for        CMHiftoNMOtt 

(C«H5lNuP40l4)4 

Found 


c 

H 

0 

N 

P 

Nu- 
cleic 
add. 

per 
cent 

per 
cent 

cent 

per 
cent 

per 
cent 

per 
cent 

42.54 

4.82 

24.97 

21.11 

6.56 

73.28 

42.04 

6.77 

24.49 

21.41 

6.29 

72.08 

Prota- 
mine. 


cent 

32.33 
30.84 


The  agreement  between  these  figures  is  so  good  as  to  leave 
little  doubt  that  the  head  of  the  sperm  of  the  whitefish  is  essen- 
tially a  chemical  compound  consisting  of  the  union  of  nucleic 
acid  and  protamine  in  the  proportion  of  4  molecules  to  1.  The 
union  is  probably  not  of  the  nature  of  an  ammonium  salt,  but 
formed  with  the  elimination  of  water  as  in  an  acid  amide. 


CONCLUSIONS. 

1.  The  dried  extracted  sperm  heads  of  whitefish  consist  of 
about  70  per  cent  nucleic  acid  and  30  per  cent  protamine,  core- 
gonine. 

2.  All  the  phosphorus,  6  per  cent,  is  combined  as  nucleic  add. 

3.  This  extracted  nucleus  does  not  contain  iron. 

4.  The  protamine  is  in  loose  combination  with  nucleic  acid, 
and  the  nucleus  is  of  the  ** dissociated"  (Kossel)  type.  The 
union  is  probably  of  the  amide,  rather  than  the  ammonia,  type. 

5.  The  analyses  agree  with  the  formula  C96Hi6oNMOa(C«Hu- 
Ni5P40i4)4,  and  this  is  the  probable  formula  of  this  chromatin. 


THE  ALKALI  RESERVE  OF  MARINE  FISH  AND 

INVERTEBRATES. 

THE  EXCRETION  OF  CARBON  DIOXIDE. 

By  J.  B.  COLLIP. 
{From  the  Marine  Biological  StcUion,  Departure  Bay,  Canada,) 

(Received  for  publication,  September  3,  1920.) 

INTRODUCTION. 

The  results  of  an  investigation  to  determine  the  carbon  dioxide 
content  of  the  blood  and  body  fluids  of  such  marine  forms  as 
were  available  for  study  at  or  in  the  vicinity  of  the  Marine  Biolog- 
ical Station,  Departure  Bay,  Vancouver  Island,  British  Columbia, 
are  herein  reported.  As  the  Van  Slyke-Cullen  (1)  apparatus 
:fumishes  a  convenient  and  ready  means  of  determining  the  Car- 
lson dioxide  content  and  capacity  of  blood  and  thereby  the  alkali 
Teserve  of  the  same,  it  was  used  exclusively  in  this  investigation. 

Methods, 

The  representative  forms  studied  were,  for  the  most  part,  col- 
lected personally.  Great  care  was  taken  to  insure  that  the  indi- 
vidual specimens,  the  blood  or  celomic  fluid  of  which  was  to  be 
examined,  should  be  bled  while  in  a  fresh  condition.  As  will 
appear  more  fully  in  a  subsequent  communication  this  is  a  very 
essential  point  especially  as  regards  various  molluscan  types. 
An  endeavor  was  made  to  secure  specimens  representative  of  as 
many  of  the  invertebrate  phyla  and  orders  of  the  Pisces  as  was 
possible. 

The  methods  employed  in  obtaining  blood  or  celomic  fluid 
from  the  forms  studied  will  now  be  detailed. 
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Coelent^ata. 

Two  types  of  Medusae  and  the  sand  anemone  were  examined. 
The  results  recorded  for  these  specimens  can  only  be  taken  as 
approximate  since  the  methods  here  adopted  were  of  a  special 
character. 

MeduscB. — Several  specimens  were  caught  in  a  dip  net,  trans- 
ferred to  a  glass  container  filled  with  fresh  sea  water,  and  carried 
at  once  to  the  laboratory.  They  were  first  drained  free  of  sea 
water  by  suspending  over  a  wide  funnel  by  means  of  a  double 
fold  of  cheese-cloth.  They  were  then  gently  macerated  and 
passed  through  the  cheese-cloth.  The  jelly-like  mass  was  col- 
lected in  a  clean,  dry  test-tube.  This  was  shaken  vigorously  for 
3  minutes,  air  being  admitted  on  several  occasions.  1  cc.  of  the 
fluid  was  then  transferred  to  the  Van  Slyke-Cullen  apparatus  and 
the  analysis  made  in  the  usual  manner.  The  evolved  carbon 
dioxide  was  absorbed  by  the  use  of  10  per  cent  sodium  hydroxide. 
The  volume  of  gas  was  reduced  to  cubic  centimeters  of  carbon 
dioxide  at  0°C.  and  760  mm.  pressure  held  by  100  cc.  of  fluid. 

Owing  to  the  difficulties  in  the  way  of  collecting  blood  or" 
celomic  fluid  from  marine  forms  without  loss  of  carbon  dioxide  it^ 
was  thought  best  to  examine  all  specimens  imder  uniform  con 
ditions.  The  various  samples  were  therefore  shaken  for  3  min 
utes  in  the  test-tube  or  25  cc.  Luer  syringe  with  atmospheric^^ 
air  which  was  renewed  on  several  occasions.  The  samples 
equilibrated  with  atmospheric  air  were  submitted  at  once  t 
analysis.  In  many  instances  concurrent  samples  were 
equilibrated  with  alveolar  air  of  the  normal  human  subject  afte 
the  manner  suggested  by  Van  Slyke  and  Cullen  (2).  Sue 
specimens  were  then  transferred  by  means  of  an  Ostwald  pipette^^ 
to  the  apparatus  for  analysis  without  appreciable  loss  of  carbo: 
dioxide. 

Sea  Anemones, — ^The  specimen  was  dug  from  a  sand  flat  at 
low  water  and  carried  to  the  laboratory  in  a  container  filled  with^ 
fresh  sea  water.  The  animal  was  then  allowed  to  contract  in  a 
dry  open  vessel.  A  slit  was  next  made  in  the  side  by  means  of  a 
sharp  scalpel  and  the  cavity  drained  free  of  the  fluid.  The  soft 
parts  were  macerated  in  a  mortar  and  finally  suspended  in  an 
equal  volume  of  fresh  distilled  water.     2  cc.  of  the  suspension 
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were  analyzed  and  the  results  interpreted  as  being  approximately 
indicative  of  the  carbon  dioxide  content  of  the  tissues  of  the 
animal. 

Brachiopoda, 

The  specimens  were  collected  at  low  water  from  the  rocks 
closely  adjacent  to  the  laboratory  and  examined  inmiediately. 
It  was  found  that  from  1  to  2  cc.  of  fluid  could  be  obtained  from 
these  small  forms  by  aspirating  into  a  Luer  syringe  from  the  celomic 
cavity  through  a  needle  passed  through  the  soft  tissue  exposed  at 
the  hinge. 

Echinodennata. 

Starfish. — These  were  collected  near  the  laboratory  at  low 
water  and  examined  immediately.  The  celomic  fluid  was  aspi- 
rated from  the  celomic  pouch  of  one  of  the  arms.  This  was 
entered  dorsally  and  laterally. 

Sea  Urchins, — The  celomic  fluid  was  aspirated  from  a  celomic 
pouch  in  much  the  same  manner  as  in  the  case  of  the  starfish. 

Arthropoda. 

Crustacea. — Several  species  of  Crustacea  were  studied.     Blood 

"was  obtained  from  the  individual  specimens  by  introducing  a 

hypodermic  needle  into  the  pericardium  and  aspirating  into  a 

Xuer  syringe.     In  the  case  of  the  larger  forms  such  as  Echid- 

nocerus  formatus  and   Cancer  mugister  a  small  hole  was  first 

trephined  through  the  carapace  just  dorsal  to  the  pericardium. 

The  needle  was  then  introduced  through  this  opening.     It  was 

found  that  the  needle  could   be   passed   directly  through  the 

carapace  of  small  crabs  and  shrimps.     Blood  was  obtained  from 

the  pericardial  sinus  of  the  eagle  barnacle  {Balanus  aquilla)  after 

a  small  hole  had  been  drilled  through  the  calcareous  shell  just 

dorsal  to  the  sinus. 

MoUtisca. 

Pelecypoda. — Many  forms  representative  of  different  species 
of  the  pelecypod  MoUusca  were  examined.  The  celomic  fluid  or 
"clam  juice''  was  obtained  in  all  instances  by  aspirating  from  the 
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pericardial  cavity.     The  needle  was  introduced  into  the  sinus 
through  the  soft  tissue  in  the  mid-Une  dorsal  to  the  latter. 

Gastropoda, — Four  different  species  were  obtained  for  study. 
Celomic  fluid  was  obtained  from  the  pericardial  sinus  of  the  two 
shell    forms    Polynices    (Lunatia)    lewisii  and    Thais   lameUasa^ 
after  a  small  opening  had  been  drilled  in  the  shell  adjacent  to  th^ 
sinus.     The  fluid  exuded  from  the  foot  of  Polynices  lewisii  wa» 
also  analyzed.    A  direct  puncture  in  the  dorsal  region  allowed  th^ 
aspiration  of  body  fluid  from  the  nudibranch  Anisodoris. 

Amphineura. — The  large  form  CryptochiUm  was  the  only^ 
representative  of  this  class  examined.  Fluid  was  obtained  fron^. 
the  pericardial  cavity  by  aspirating  through  a  needle  introduce 
into  the  latter  between  two  adjacent  valves. 

Cyclostomata. 

The    lamprey    Entosphenus    tridcntatus    was    obtained    whili 
ascending  a  creek  to  spawn.     Blood  was  obtained  by  severinj 
the  dorsal  aorta  posterior  to  the  last  gill  slit.    The  blood  wi 
oxalated  as  collected. 

Pisces. 

Blood  was  collected  from  various  specimens  by  severing  tL 
caudal  vessels.     It  was  oxalated  as  obtained  and  examined 
once. 

Reptilia. 

Two  garter  snakes  were  caught  while  feeding  at  the  water 
edge.    They  were  bled  from  the  caudal  artery.    The  analysis 
this  blood  was  made  for  comparative  purposes  only. 

RESULTS  AND  DISCUSSION. 

The  results  of  the  analyses  of  the  various  samples  are  showxi 
in  Table  I. 

As  might  be  anticipated  the  carbon  dioxide  content  of  the 
blood  or  celomic  fluid  of  marine  forms  is  relatively  very  low  as 
compared  with  the  blood  of  mammals.  The  carbon  dioxide  con- 
tent of  sea  water  in  the  region  from  which  the  specimens  were 
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secured  is  of  a  widely  varying  quantity.  The  influx  of  a  large 
volume  of  fresh  water  emanating  from  the  water-sheds  of  the 
coast  ranges,  the  var>ang  effects  of  tides,  winds,  and  currrents  all 
contribute  towards  a  constantly  changing  density  of  the  sea  water 
in  this  vicinity.  In  Table  II  is  shown  the  density  corrected  to 
15®C.  of  sea  water  collected  daily  from  the  surface  off  the  landing 
stage  of  the  Marine  Station,  Departure  Bay,  for  a  consecutive 
period  of  33  days,  also  the  density  of  depth  samples  taken  as 
indicated  by  means  of  the  Nansen  water  bottle.  There  are  also 
shown  the  temperature  and  the  alkalinity  of  the  various  samples 
in  terms  of  cubic  centimeters  of  0.01  n  sodium  hydroxide  required 
just  to  discharge  the  pink  color  imparted  to  100  cc.  of  sea  water 
by  phenolphthalein  and  the  buffer  value  of  Sorensen  (3)  or  the 
reactivity  of  Moore  and  Wilson  (4).  This  latter  factor  is  the 
amount  of  0.01  n  acid  required  to  carry  100  cc.  of  sea  water  from 
the  phenolphthalein  to  the  methyl  orange  point.  Moore,  Pri- 
deaux,  and  Herdman  (5)  found  that  the  reactivity  of  sea  water 
taken  at  Port  Erin  did  not  show  seasonal  variation.  It  is  evi- 
dent, however,  as  the  titration  figures  indicate  that  the  buffer 
value  of  sea  water  in  the  vicinity  of  Departure  Bay  varies  directly 
as  the  density.  Moore  and  coworkers  (5)  state  that  this  buffer 
effect  is  due  in  the  main  to  dissolved  magnesium  bicarbonate  and 
not  calcium  bicarbonate  as  usually  stated.  The  slight  variation 
of  the  alkalinity  of  the  water  from  day  to  day  is  of  interest.  It 
is  probably  associated,  as  Moore,  Prideaux,  and  Herdman  (5) 
have  pointed  out,  with  the  varying  intensity  of  photosynthesis 
by  microscopic  organisms.  Surface  and  depth  tows  made  daily 
during  the  simmier  months  by  Mounce^  showed  great  varia- 
tion in  the  relative  amounts,  and  in  the  distribution  of  diatoms. 
The  falling  off  of  the  degree  of  alkalinity  of  sea  water  with  increas- 
ing depth  is  suggestive  in  this  connection.  Sorensen  (3)  found 
that  deep  sea  water  was  less  alkaline  than  that  at  the  surface. 
The  total  carbon  dioxide  content  of  surface  samples  of  sea  water 
obtained  in  Departure  Bay  during  the  smnmer  of  1920  was 
foimd  to  vary  between  2  and  4  volumes  per  cent,  the  amount 
varying  directly  with  the  specific  gravity.  It  is  therefore  of 
interest  to  find  that  the  amoimt  of  carbon  dioxide  in  the  blood  or 

^Unpublished  results  quoted  by  courtesy  of  Miss  Irene  Mounce. 
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TABLE  II. 


Date. 

Source  of  sample. 

Temper- 
ature. 

Density 
at  IS'C. 

Alkalin- 
ity. 

Reactiv- 
ity. 

I9f0 

1 

"C. 

fC.  O.Ot  M 

NaOH 

ec.  O.Ot  N 
HtSO* 

June  27 

Oil  landing  stage  at  station. 

15.9 

1.0178 

1.0 

17.6 

"    28 

17.6 

1.0146 

1.1 

15.0 

"    29 

19.5 

1.0140 

1.3 

13.8 

"    30 

18.0 

1.0159 

1.0 

15.7 

July    1 

18.2 

1.0161 

0.7 

14.8 

"       2 

18.0 

1.0167 

1.3 

15.1 

"      3 

1 

17.6 

1.0186 

1.2 

16.5 

"       4 

1                                                       *- 

17.6 

1.0181 

1.4 

13.9 

"      5 

17  3 

1.0187 

1.7 

15.6 

"      6 

18.0 

1.0196 

1.5 

17.5 

"      7 

18.8 

1.0198 

1.6 

17.4 

"       8 

20.5 

1.0112 

1.3 

13.0 

"      9 

-  _ 

20.5 

1.0122 

1.2 

13.5 

"     10 

19.5 

1.0133 

1.4 

13.8 

"     11 

17.9 

1.0187 

1.0 

17.0 

"     12 

15.1 

1.0194 

1.5 

17.5 

"     13 

14.7 

1.0208 

0.4 

19.0 

"     14 

17.2 

1.0091 

0.5 

12.0 

"     15 

19.7 

1.0108 

0.7 

12.5 

"     16 

19.9 

1.0097 

1.0 

12.3 

"     17 

21.0 

1.0133 

0.7 

13.6 

"     18 

19.9 

1.0142 

1.0 

13  5 

"     19 

17.0 

1.0187 

0.7 

17.2 

"    20 

17.3 

1.0199 

1.7 

16  5 

"     21 

17.1 

1  0192 

13 

16.7 

"     22 

18  5 

1.0088 

0.3 

11.3 

"     23 

17.4 

1.0114 

1.3 

13.0 

"     24 

16.1 

1.0150 

1.5 

14.7 

"     25 

17.0 

1.0142 

1.5 

14.7 

"     26 

18.2 

1.0119 

1.3 

13.5 

"     27 

19  3 

1.0115 

1.0 

13.0 

"     28 

17.8 

1.0115 

1.0 

13.0 

"     29 

18.7 

1.0120 

1.0 

13.7 

"       5 

Surface     sample     off     Five 

17.2 

1.0203 

16 

19.0 

"       5 

Fingers. 
At     5     fathoms     off     Five 

15  41 

1.0215 

1.5 

19.0 

"       5 

Fingers. 
At     10     fathoms     off     Five 

10.00 

1.0225 

0.2 

20.6 

"      5 

Fingers. 
At    20     fathoms     off     Five 
Fingers. 

8  98 

1.0252 

0.1 

20.8 
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TABI^  ll-~Concluded. 


Date. 

Source  of  sample. 

Temper- 
ature. 

Denai^ 
at  15*C. 

AlkaUn- 
ity. 

ReactiT- 
ity. 

1990 

•c. 

ee.0.01  K 

ce.  0.01  N 

NaOH 

HtSOi 

July     5 

At    50     fathoms     off     Five 
Fingers. 

7.92 

1.0267 

0.1 

21.0 

5 

At    100    fathoms    oflf    Five 
Fingers. 

8.01 

1.0267 

-0.1 

21.0 

"      12 

At  1  fathom  off  Departure 
Bay. 

14.3 

1.0214 

2.0 

18.5 

"      12 

At  2  fathoms  off  Departure 
Bay. 

1.0217 

1.5 

18.6 

"      12 

At  3  fathoms  off  Departure 
Bay. 

1.0220 

1.4 

18.5 

"      12 

At  5  fathoms  off  Departure 
Bay. 

1.0222 

1.0 

18.6 

"      12 

At  10  fathoms  off  Departure 
Bay. 

1.0233 

-0.3 

21.8 

"      12 

At  20  fathoms  off  Departure 
Bay. 

1.0265 

-1.4 

24.0 

celomic  fluid  of  the  various  marine  fonns  investigated  is  invari- 
ably greater  than  the  maximum  value  for  total  carbon  dioxide  in 
sea  water.  The  amount  of  combined  carbon  dioxide  in  the  body 
tissues  of  Medusae  ajid  sea  anemones,  the  celomic  fluid  of  brach- 
iopods;  starfish,  certain  sea  urchins,  and  a  number  of  mollusks 
and  the  blood  of  the  dogfish  ajid  the  ratfish  is  relatively  low,  but 
in  all  instances  is  higher  than  that  in  sea  water.  Certain  types 
of  Crustacea  have  a  relatively  high  carbon  dioxide  content,  such 
forms  as  Cancer  magistery  Cancer  productus,  Echidnocents  fonnatus, 
and  Hemigrapsics  nudus  being  included  in  this  group.  The  kelp 
crab  Epialtus  productvLSj  the  sand  shrimp  Upogebia  pugeUensi^} 
and  the  eagle  barnacle  Balanus  aquiUa  are  on  the  contrary  com- 
paratively low  in  the  fixed  carbon  dioxide  in  the  celomic  fluid 
but  they  are  in  this  respect  somewhat  analogous  with  the  teleosts 
examined. 

A  somewhat  similar  phenomenon  exists  in  the  case  of  the 
Mollusca.  While  the  majority  of  the  forms  studied  have  a 
carbon  dioxide  factor  falling  within  the  range  between  6.3  and 
11  volumes  per  cent  certain  species  such  as  Paphia  siamima^ 
and  Penitella  penita  of  the  pelecypod  type  and  Pclynicea  lewitii 
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and  Thais  lameUosa  of  the  gastropod  class  have  a  fixed  carbon 
dioxide  content  which  in  nearly  all  instances  is  considerably 
higher  thaji  that  observed  in  the  former  group. 

As  pointed  out  earlier  in  the  paper  it  is  essential  that  the  blood 
be  obtained  while  the  ajiimal  is  perfectly  fresh.  For  instance  it 
was  noted  that  specimens  of  Mya  arenaria  bled  immediately 
after  they  had  been  dug  gave  a  fixed  carbon  dioxide  factor  of  6.5 
volumes  per  cent  while  other  specimens  carried  to  the  laboratory 
in  fresh  sea  water  gave  a  factor  of  8.3  volumes  per  cent  for  com- 
bined carbon  dioxide.  The  fixed  carbon  dioxide  of  the  mollusk 
tends  to  rise  rapidly  when  the  animal  is  not  kept  in  a  large  vol- 
ume of  fresh  water  while  the  opposite  eflfect  was  noted  in  the  case 
of  the  fish  examined.  Exposure  to  air  causes  the  carbon  dioxide 
content  to  fall  while  in  the  dead  fish  the  latter  may  be  near  to 
that  of  sea  water.  If  a  fish  is  allowed  to  remain  hooked  but  left 
in  the  open  water  for  some  little  time  the  carbon  dioxide  content 
of  the  blood  falls.  The  fish  are  in  their  reaction  to  injury  much 
like  the  manmials  as  far  as  the  alkali  reserve  of  the  blood  is 
concerned.    . 

The  relatively  low  figure  for  carbon  dioxide  in  the  blood  of  the 
elasmobranch  Squalus  sucklii  and  the  holocephalan  ./ff/^roZo^rua 
coUiei  stajids  in  sharp  contrast  with  that  for  the  teleostian  types 
studied. 

As  the  hydrogen  ion  concentration  of  sea  water  is  in  most 
instances  lower  than  that  obtaining  in  the  blood  of  marine  forms 
and  as  the  bicarbonate  content  of  the  latter  is  much  higher  than 
that  of  the  former  it  is  evident  that  the  amoimt  of  the  dissolved 
carbon  dioxide  in  the  blood  or  body  fluids  of  marine  forms  must 
be  considerably  greater  than  that  occurring  in  sea  water.  The 
tension  of  carbon  dioxide  in  the  blood  of  marine  forms  must 
also  be  proportionately  higher  than  that  in  sea  water.  This 
brings  up  an  interesting  point.  Does  a  process  of  simple  diffusion 
furnish  an  adequate  explanation  of  the  mode  of  elimination  of. 
carbon  dioxide  from  the  blood  or  body  fluids  of  marine  forms 
to  the  surrounding  sea  water?  The  maintenance  of  a  definite 
acid-base  balance  in  the  blood  and  tissues  of  marine  forms  is  no. 
doubt  quite  as  prime  an  esscQtial  as  in  the  case  of  higher  forms. 
In  the  mammal  this  is  largely  effected  by  the  concerted  action  of 
the  respiratory  and  renal  apparatus.    The  gaseous  exchange 


342  Alkali  Reserve 

between  the  blood  and  the  atmosphere  takes  place  almost  entirely 
in  the  alveolar  sacks  where  the  tensions  of  the  gases  concerned 
are  such  that  a  process  of  physical  diffusions  seems  to  furnish  a 
sufficient  explanation  for  the  passage  of  the  oxygen  inward  and 
of  the  carbon  dioxide  outward  (6).  In  the  case  of  the  fish  con- 
ditions are  somewhat  different.  While  the  respiratory  and  renal 
apparatus  here  as  in  manmials  is  apparently  closely  associated 
with  the  regulation  of  the  reaction  of  the  blood  yet  the  inter- 
change of  gases  between  the  blood  and  sea  water  taking  place  as 
it  does  largely  through  the  medium  of  the  gill  filaments  is  on  a 
somewhat  different  basis  from  the  exchange  in  the  mammal  at 
the  lung  surface.  The  tension  of  dissolved  gases  in  sea  water  to 
which  the  gill  filaments  are  exposed  cannot  differ  greatly  from 
the  tensions  obtaining  in  the  enveloping  medium,  unless  it  is 
possible  that  the  respiratory  movements  arc  so  adjusted  that  the 
tension  of  gases  in  the  water  of  the  gill  cavities  is  kept  in  equi- 
librium with  the  tension  of  gases  in  the  blood,  in  which  case  a 
process  of  physical  diffusion  would  be  a  sufficient  explanation  of 
the  mode  of  gaseous  exchange  in  the  fish.  That  this.latter  condi- 
tion should  hold  seems  plausible.  It  may  also  be  possible  that  the 
permeability  of  the  gill  membranes  to  carbon  dioxide  is  such  as  to 
allow  a  steep  pi-essure  gradient  to  exist  between  the  dissolved 
carbon  dioxide  in  the  blood  on  the  one  side,  and  in  the  sea  water 
on  the  other. .  Further  experiment  only  can  furnish  a  full  expla- 
nation of  thi^  phenomenon. 

In  the  case  of  arthropod  types,  such  as  Cancer  rnagister,  Echid- 
nocerus  formaias,  and  others,  the  combined  carbon  dioxide  is  at  a 
much  higher  concentration  than  it  is  in  any  of  the  Pisces  exam- 
ined. A  relatively  greater  difference  must  therefore  exist  be- 
tween the  tension  of  carbon  dioxide  in  the  blood  of  these  forms 
and  sea  wat^er  than  in  the  case  of  the  Teleostei.  If  one  is  to 
explain  the  mode  of  carbon  dioxide  excretion  in  these  forms  by  a 
process  of  physical  diffusion  one  must  assimie  that  the  perme- 
ability of  the  gill  filaments  to  carbon  dioxide  is  of  a  very  low  order 
allowing  a  very  steep  pressure  gradient  to  be  maintained  between 
the  two  sides  of  the  medium  for  gaseous  exchange.  Certain  of 
the  MoUusca  liave  a  relatively  high  concentration  of  bicarbonate 
in  the  body  fluids  but  it  may  possibly  be  due  to  the  anatomical 
features  occurring  hero  for  the  carbon  dioxide  in  the  sea  water 
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which  is  bathing  the  organisms  to  exist  at  a  higher  tension  than 
in  the  open  sea. 

Such  a  difference  does  not  exist  between  the  bicarbonate  con- 
tent of  the  body  fluids  and  tissues  of  Echinodennata,  Brachi- 
poda,  and  Ccelenterata,  and  that  of  sea  water  as  has  been  noted 
in  the  forms  above  mentioned.  The  existence,  however,  of  a 
definite  pressure  gradient  for  carbon  dioxide  between  the  ti&sue 
and  the  sea  water  suggests  that  a  definite  mechanism  exists  for 
regulating  the  tension  of  this  gas  in  the  body  fluids  and  tissues. 

SUMMARY. 

1.  The  carbon  dioxide  content  of  the  blood  and  the  celomic 
fluids  of  various  marine  forms  has  been  determined. 

2.  The  carbon  dioxide  content  of  the  blood  and  celomic  fluid 
of  marine  forms  examined  equilibrated  with  atmospheric  air  is  in 
all  instances  higher  than  the  carbon  dioxide  content  of  sea  water. 

3.  The  carbon  dioxide  content  of  certain  of  the  Arthropoda 
and  MoUusca  is  relatively  very  high. 

4.  The  carbon  dioxide  content  of  the  blood  of  marine  Teleostei 
is  approximately  10  volumes  per  cent. 

5.  The  carbon  dioxide  content  of  the  elasmobranch  Squalus 
STicklii  and  the  holocephalan  Hydrologies  colliei  is  relatively  very 
low. 

6.  The  alkalinity  and  the  reactivity  of  several  samples  of  sea 
water  have  been  determined. 

7.  Surface  samples  of  sea  water  in  the  vicinity  of  Departure 
Bay  are  invariably  alkaline  to  phenolphthalein. 

8.  It  is  held  that  in  order  to  maintain  the  constant  reaction  of 
the  blood  or  body  fluids  of  marine  forms  the  carbon  dioxide 
tension  must  be  considerably  higher  in  the  blood  and  body  fluids 
than  it  is  in  sea  water. 

9.  The  question  of  carbon  dioxide  excretion  is  discussed. 

In  conclusion  I  desire  to  express  my  thanks  to  the  Curator  of 
the  Biological  Station  at  Departiu'e  Bay,  Dr.  C.  MacLean  Fraser, 
for  his  kind  assistance  in  making  the  collection  of  material  pos* 
sible,  and  for  aid  in  the  identification  of  specimens.  My  thsmks 
are  also  due  to  the  Biological  Board  of  Canada  for  defraying  the 
expenses  in  connection  with  this  investigation. 
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STUDffiS  ON  BLOOD  FAT. 

L  VARIATION  OF  THE  BLOOD  FAT  CONSTITUENTS  OF  RABBITS 

UNDER  NORMAL  CONDITIONS. 

By  YAJIRO  HORIUCHI. 
(From  the  BxochemicdL  Laboratory^  Harvard  Medical  School,  Boiion,) 

(Received  for  publication,  July  29,  1920.) 
INTRODUCTION. 

Since  the  racial  and  individual  constancy  of  blood  fat  in  the 
normal  organism  was  estabUshed  by  Termine"  and  confirmed  by 
Bloor,^  the  estimation  of  the  fat  constituents  in  blood  has  become 
important  pathologically  and  physiologically.  During  the  past 
few  years,  reports  on  diabetes  mellitus^  nephritis,  chronic  anemia, 
and  other  diseases  have  app)eared  and  also  a  good  deal  of  experi- 
mental work  has  been  published,  particularly  by  Bloor.  Up  to 
the  present  time,  most  of  the  work  in  this  line  has  been  done  on 
human  beings  and  dogs.  The  small  amount  of  data  on  the  fat 
in  the  blood  of  rabbits  was  due  to  the  lack  of  suitable  methods 
for  the  determination  of  the  small  amount  of  blood  fat.  The 
Kmnagawa-Suto-Shimidzu  gravimetric  method,'  which  usually 
needs  25  cc.  of  blood,  is  not  available  for  small  animals,  espe- 
cially for  rabbits,  because  of  the  low  fat  constituents.  To  get 
25  cc.  of  plasma,  about  40  cc.  of  whole  blood  are  required,  and  one 
drawing  of  such  an  amount  of  blood  may  cause  a  great  change  in 
blood  fats,  as  is  seen  in  the  latter  part  of  this  paper. 

The  nephelometric  methods  for  the  estimation  of  total  fatty 
adds  and  lecithin,  and  colorimetric  method  for  cholesterol,  pro- 
posed and  modified  by  Bloor,  were  used  in  the  present  work. 
In  these  methods,  2  to  3  cc.  of  blood  are  sufficient  for  at  least  the 

*  Terroine,  E.-F.,  J.  phye,  et  palh,  gen.,  1914,  3cvi,  212. 

«  Bloor,  W.  R.,  J,  Biol,  Chem.,  1914,  xvii,  377;  xix,  1;  1916,  xxii,  133, 146; 
1916,  xxiv,  227,  447;  xxv,  577. 

*  Shimidsu,  Y.,  Biochem.  Z.,  1910,  xzviii,  237. 
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duplicate  examination  of  total  fatty  acids,  lecithin,  and  cho- 
lesterol; and  10  cc.  of  blood  are  enough  for  the  complete  analysis 
of  the  fat  constituents  in  whole  blood,  and  plasma  and  corpuscles 
separately. 

In  all  the  following  experiments,  the  blood  sample  was  drawn 
from  the  ear  vein  before  feeding,  between  9  and  11  o'clock  in  the 
morning,  after  the  rabbit  had  been  kept  over  one  night  in  a  cage 
with  a  bowl  of  water.  The  ear  was  shaved,  massaged,  and  the 
vein  was  cut  slightly  with  a  sharp  razor.  The  quickly  dropping 
blood  was  received  in  a  graduated  centrifuge  tube  containing  2 
drops  of  saturated  citrate  or  oxalate  solution.  The  rabbit's  ear 
should  be  bent  a  little,  to  keep  the  wound  open.  After  one 
becomes  proficient  in  the  technique,  it  is  not  difficult  to  draw  10 
cc.  of  blood  in  from  10  to  30  minutes. 

The  determination  of  blood  fat  constituents  was  carried  out  by 
Bloor's  methods,  except  that  15  cc.  of  each  extract  of  whole 
blood  and  plasma  were  taken  instead  of  10  cc.  as  in  the  orig- 
inal procedure,  and  a  different  amoimt*  of  standard  oleic  acid  or 
phosphoric  acid  solution  was  used  in  order  to  get  similar,  valuer 
for  comparison.    It  is  not  necessary  to  repeat  the  methods 
for  the  determination  of  blood  fat  constituents  which  have  beei 
described  by  Bloor.     Slight  modifications  of  the  methods 
made  as  follows: 

1.  Fat  values  of  corpuscles  except  in  the  first  few  cases  w< 
.  estimated  directly  instead  of  being  calculated  from  the  values  o  -^^ 

whole  blood  and  plasma.  Rabbit  blood  corpuscles  were  sepa^- 
rated  from  the  plasma  after  centrif ugation  and  were  washed  wit! 
physiological  salt  solution.  After  the  wash  liquid  in  the  centri 
fuge  tube  had  been  thrown  away,  an  equal  quantity  of  distillec^^^ 
water  was  used  for  hemolyzing.  The  hemolyzed  corpuscles  wep^^**^ 
extracted  as  in  the  case  of  the  whole  blood  and  plasma. 

2.  For  the  nephelometric  and  colorimetric  determination  o^^* 
the  fats,  15  cc.  of  whole  blood  extract  or  10  cc.  of  corpuscl*'    ^ 
extract  were  usually  compared  with  5  cc.  of  the  standard  oleL-^  ^ 
acid  solution  (containing  2  mg.  in  5  cc),  or  of  standard  pho^^^ 
phoric  acid  solution  (containing  0.15  mg.  of  H8PO4  in  5  cc),  c^^ 
of  standard  cholesterol  solution  (containing  0.5  mg.  in  6  cc.^  • 

3.  As  plasma  fat  constituents  were  found  to  be  very  low,  L^ 
cc  of  the  plasma  extract  could  be  compared  with  only  3  cc.  eaci> 
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of  the  standard  oleic  acid  solution,  the  standard  phosphoric  acid 
solution,  and  the  standard  cholesterol  solution,  the  latter  being 
sometimes  reduced  to  2  cc. 

Blood  Fats  of  Normal  Rabbits  and  Their  Variation. 

Boggs  and  Morris*  analyzed  normal  rabbit  blood  serum  by  the 
Soxhlet  method  and  obtained  0.3  to  0.5  gm.  of  total  extract. 
Sakai^  determined  blood  fats  of  six  rabbits  by  the  Kmnagawa- 
Suto-Shimidzu  method,  and  the  Autenrieth-Funk  method,  their 
average  values  of  fatty  acids,  non-saponifiable  substance,  and 
cholesterol  being  0.293,  0.097,  and  0.063  gm.,  respectively. 

In  my  experiments,  the  fat  constituents  in  blood  of  nineteen 
male  rabbits  were  analyzed.  Nine  of  the  rabbits  were  previously 
fed  carrots,  the  other  ten  sunflower  seeds,  during  periods  of  from 
1  day  to  a  few  weeks.  The  former  is  classified  as  Group  A,  the 
latter  as  Group  B;  and  the  results  are  given  in  Table  I. 

The  most  remarkable  fact  in  Table  I  is  that  the  values  of 
various  fat  constituents  in  plasma  of  rabbits  on  carrot  diet 
(Group  A)  and  on  sunflower  seed  diet  (Group  B),  particularly  in 
the  former,  are  much  less  than  those  of  the  corpuscles;  total 
fatty  acids  in  plasma  being  about  two-thirds,  while  cholesterol 
and  lecithin  are  only  about  one-half  and  one-third,  resp)ectively, 
of  those  of  the  corpuscles. 

In  comparing  Groups  A  ajid  B,  total  fatty  acids  of  the 
former,  particularly  that  of  the  plasma,  were  foimd  to  be  con- 
siderably less  than  of  the  latter,  while  there  was  almost  no  differ- 
ence in  lecithin  and  cholesterol  values. 

In  Table  II,  our  results  on  the  average  value  of  rabbit  blood 
fat  constituents  are  compared  with  those  of  dogs  and  humans 
(Bloor). 

In  Table  II,  the  most  marked  fact  is  that  cholesterol  and 
lecithin  in  rabbit  plasma  are  less  than  those  in  other  animals, 
lecithin  being  one-half  and  cholesterol  being  one-third  that  of 
human  plasma,  while  no  great  difference  in  total  fatty  acids  is 
found. 

*  Boggs,  T.  R.,  and  Morris,  R.  S.,  J.  Exp.  Med.,  1909,  xi,  553. 
» Sakai,  S.,  Biochem.  Z.,  1914,  Ixii,  387. 
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There  are  only  a  few  differencee  as  regards  fat  confititueDts  of 
corpuacles.  Accordingly,  the  ratio  of  total  fatty  acids  to  lecithin 
in  plasma  is  much  greater  in  the  rabbit.  As  the  difference  a 
more  manifest  in  cholesterol  than  in  lecithin,  the  ratio  of  ledtbin 
to  cholesterol  is  found  to  be  larger. 

Next  we  will  consider  the  variation  from  the  average  of  the 
fat  constituents  of  whole  blood,  plasma,  and  corpuacles  of  the 
nineteen  rabbits.  This  is,  however,  aa  Table  III  shows,  not  very 
large.  Most  of  them  vary  from  the  average  only  within  30  per 
cent,  as  is  shown  in  the  following  summary,  taken  from  Table  III. 
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Daily  Variations  of  the  Individual  Blood  Fai  Constituents  of  Normal 
Rabbits. 

Six  rabbits  were  used  for  this  purpose,  two  of  them  being 
given  carrots,  the  others  sunflower  seeds.  The  former  group  is 
classified  as  Ciroup  A  and  the  latter  as  Group  B.  10  cc.  of  blood 
were  drawn  from  each  rabbit  either  on  consecutive  days  for  3  or 
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4  days,  or  at  intervals  of  a  few  weeks  or  more.    The  fat  values  of 

these  specimens  and  their  averages  are  given  in  Table  IV.    They 

are  similar  to  the  values  in  Table  I,  but  much  closer  to  the  average. 

The  variations  from  the  average  in  the  absolute  values  and 

^,        ^.      total  fatty  acids       ,     lecithin       ^  , ,     j  r  x        ^-x 
the  ratios and of  blood  fat  constit- 

lecithin  cholesterol 

uents  either  on  successive  days  or  at  intervals  of  a  few  weeks 

and  also  from  the  1st  day's  value  of  each  rabbit  fed  on  different 

diets  are  given  in  Table  V.    The  results  have  been  summarized 

for  discussion. 

The  blood  fats  of  two  carrot-fed  rabbits  on  successive  days  are 

within  30  per  cent  of  variation  from  their  average.    In  four 

rabbits  fed  with  simflower  seeds  blood  fats  on  successive  days  and 

at  few  weeks'  intervals  vary  mostly  within  30  per  cent  from  their 

-!-•      xi-        X-      total  fatty  acids        ,      lecithin      ^, 
average.    For  the  ratios and  ,  the 

lecithin  cholesterol 

variation  from  the  average  is  also  very  small. 

The  individual  variation  of  blood  fat  constituents  of  carrot- 
fed  rabbits  on  consecutive  days  from  the  1st  day's  amount  is 
without  exception  within  30  per  cent.  Most  of  the  blood  fat  con- 
stituents of  rabbits  fed  with  sunflower  seeds  on  consecutive  days 
and  at  few  weeks'  intervals  are  also  within  30  per  cent  of  varia- 
tion from  the  1st  day's  value,  as  well  as  the  ratios i — r-r? 

lecithm 

lecithin 

and    ,    ,  _^ — ;•     These  small  variations  of  individual  blood  fat 
cholesterol 

constituents  from  the  values  of  the  first  samples  are  very  signifi- 
cant for  the  study  of  fat  metabolism,  since  the  constancy  of  blood 
fat  constituents  of  normal  animals  from  day  to  day  is  the  basis 
of  such  experimental  work. 

Rabbit  21,  for  which  plasma  fat  constituents  on  the  successive 
days  increased  and  caused  abnormally  large  variation,  was  sub- 
jected to  strong  anemia  about  2  months  preceding  the  experi- 
ment. The  increase  of  plasma  fat  constituents  and  the  large 
Variation  from  the  average  and  the  value  of  the  first  sample  in 
this  case  might  be  due  to  the  abnormal  condition. 
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« 
SUMMARY    AND    CONCLUSIONS. 

The  blood  fat  constituents  of  nineteen  normal  rabbits,  of 
different  sizes  and  on  different  diets,  have  been  determined.  In 
six  of  them,  analyses  were  carried  out  every  day  for  3  or  4  days, 
and  also  in  two  of  the  latter  at  different  times  at  intervals  of  a 
few  weeks. 

It  is  most  noticeable  that  in  rabbit  blood  the  fat  constituents 
of  the  plasma  are  markedly  less  than  in  the  corpuscles.  There  is 
a  remarkable  difference  between  rabbit  blood  and  human  or 
dog  blood,  and  there  is  also  a  great  difference  in  amount  of  fat 
constituents  of  whole  blood  and  plasma  in  rabbits  and  in  human 
beings  or  dogs.  Of  the  fat  constituents  of  rabbit  plasma,  cho- 
lesterol is  one-third  of  that  of  human  beings,  lecithin  one-half, 
and  total  fatty  acids  about  two-thirds  of  human  beings,  while 
the  difference  of  corpuscle  fats  is  very  small.    From  these  facts, 

,,         ^.      total  fatty  acids       ,     lecithin     . 

the  ratios -. — r-r^. and  ~r~nz — i  in  plasma  are  larger 

lecithin  cholesterol  ® 

in  rabbits  than  in  human  beings. 

Rabbits  as  well  as  human  beings  and  dogs  have  a  racial  and 

individual  constancy  of  fatty  substances  in  blood.    All  the  fat 

constituents  in  plasma  and  corpuscles  of  rabbits  fed  carrots  and 

of  rabbits  fed  sunflower  seeds  on  successive  days  and  at  few 

weeks'  intervals  are  shown  to  be  mostly  within  a  very  small  limit 

of  variation  from  the  individual  average  and  also  from  the  1st 

day's  value. 

^,        ^.      total  fatty  acids       ,     lecithin 

The  ratios  = — 7-^. and    ,    ,    ^ — ;  are  also  very  close 

lecithin  cholesterol 

to  the  racial  and  individual  average  and  to  the  1st  day's  amount. 

It  is  definitely  shown  in  this  experiment  that  the  blood  fat 

values  are  practically  stable,  even  when  10  cc.  of  blood  are  taken 

every  day,  if  the  duration  of  bleeding  Ues  within  3  to  4  days. 

This  is  particularly  so  on  the  fat-free  diet.    When  10  cc.  of  blood 

are  drawn  every  day  for  a  longer  period,  however,  changes  in 

amount  of  fat  constituents  take  place  which  are  reported  in  the 

following  paper. 
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INTRODUCTION. 

Experimental  lipemia,  first  described  by  Boggs  and  Morris,' 
was  produced  by  them  in  rabbits  by  drawing  from  15  to  45  cc. 
of  blood  every  day.  To  produce  the  milky  plasma  8  to  16  days 
were  required.  The  blood  fats  increased  from  0.3  to  4.53  per 
cent,  as  determined  by  the  Soxhlet  extraction  method,  lecithin 
being  about  10  per  cent  of  the  total  lipoid.  Sakai^  did  not  find 
alimentary  lipemia  in  normal  rabbits,  even  in  one  from  which 
20  cc.  of  blood  were  drawn  and  to  which  17  gm.  of  palmin  were 
given  but  an  increase  of  blood  fat  in  a  rabbit  which  was  made 
anemic  by  drawing  13  to  20  cc.  of  blood  successively  for  5  days, 
3  hours  after  17  gm.  of  palmin  were  given.  He  examined  also 
the  alimentary  Kpemia  in  anemic  rabbits  fed  on  milk,  bread,  or 
ordinary  food.  In  his  cases,  the  fatty  acids  increased  to  a  high 
degree,  but  cholesterol  to  a  less  extent,  the  relation  of  fatty  acids 
to  cholesterol  being  12:1  or  16:1.  He  used  the  Kumagawa- 
Suto-Shimidzu  method  for  the  determination  of  fatty  acids  and 
cholesterol,  and  Autenrieth-Funk's  colorimetric  method  for  the 
control  of  cholesterol  estimation.  Owing  to  the  need  of  a  large 
amount  of  blood  in  making  the  analysis  of  fats  by  the  old  meth- 
ods, the  work  of  these  authors  was  limited,  as  they  could  w^ork  on 
the  animals  only  occasionally. 

As  I  considered  it  probable  that  a  single  drawing  of  a  large 
amount   of  blood  could  cause  a  strong  lipemia  in  a  rabbit  not 

»  Boggs,  T.  R.,  and  Morris,  R.  S.,  /.  Exp.  Med.,  1909,  xi,  553. 
« Sakai,  S.,  Biochem,  Z.,  1914,  Ixii,  387. 
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previously  anemic,  I  made  preKminary  experiments  by  repeated 
drawing  of  small  amounts  of  blood  from  two  rabbits,  one  on  sim- 
flower  seed  diet,  the  other  on  carrot  diet.  In  both  of  them,  very 
high  grade  lipemia  resulted.  In  further  experiments  with  three 
rabbits  on  a  fat  diet,  two  rabbits  on  a  fat-free  diet,  and  one  on  a 
fat-free  diet  but  with  occasional  fat  food,  a  very  high  lipemia 
was  produced  and  the  relation  of  lipemia  to  different  kinds  of 
foods  was  carefully  studied. 

A  few  remarks  are  added  as  to  the  methods  of  blood  fat  deter- 
mination. 3  cc.  of  whole  blood  and  plasma,  and  2.8  to  1.2  cc. 
of  corpuscles,  obtained  from  7  (10-3)  cc.  of  whole  blood,  were 
used  for  extraction.  To  estimate  the  Upoid  of  each  blood  sample, 
an  appropriate  quantity  of  the  extract,  according  to  the  degree 
of  lipemia,  was  used  for  comparison  with  the  standard  solution. 
For  the  total  fatty  acids,  15,  10,  5,  3,  2,  sometimes  even  1  cc.  of 
whole  blood  and  plasma  extract  were  enough  to  compare  with  5 
cc.  of  the  standard  solution,  while  15  cc.  of  corpuscle  extract  were 
required  to  compare  with  3  cc.  of  the  standard  solution.  For 
lecithin,  16,  7,  or  5  cc.  of  whole  blood  and  plasma  extract  could 
be  compared  with  the  standard  direct,  while  10  to  15  cc.  of  cor- 
puscle extract  were  always  used.  In  the  cholesterol  determina- 
tion, 5  to  15  cc.  of  whole  blood  and  plasma  extract  were  taken  to 
compare  with  3  to  5  cc.  of  the  standard,  while  only  2  to  3  cc.  of 
standard  solution  were  needed  for  the  15  cc.  of  corpuscle  extract. 

Change  in  the  Blood  Fats  of  a  Rabbit,  when  AboiU  10  Cc,  of  Blood 

Are  Drawn  Daily  for  15  Days. 

A.  Lipemia  of  a  Rabbit  on  a  Fai  Diet. — About  10  cc.  of  blood 
were  drawn  from  the  ear  every  day  from  a  relatively  small  rabbit 
(No.  10),  weighing  1,190  gm.,  while  being  fed  with  sunflower 
seeds.  For  the  first  3  days  of  bleeding  the  composition  of  the 
blood  remained  unchanged.  On  the  4th  day  (72  hours  after  the 
first  bleeding),  namely  after  35  cc.  of  blood  were  taken,  the  blood 
underwent  a  characteristic  change,  whole  blood  becoming  like 
chocolate  cream  with  a  creamy  plasma.  This  appearance  became 
more  marked  on  the  following  day.  As  shown  by  the  analysis 
of  the  blood  fats,  total  fatty  acids,  lecithin,  and  cholesterol 
increased  greatly  in  the  whole  blood  and  plasma,  particularly  in 
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plasma.  The  highest  values  for  total  fatty  acids  of  the  whole 
blood  and  plasma  were  7.09  and  8.41  times  the  value  in  the  first 
specimen.  Lecithin  and  cholesterol  increased  in  the  whole  blood 
and  plasma,  but  not  so  much  as  total  fatty  acids.  The  greatest 
increase  in  the  whole  blood  and  plasma  for  lecithin  was  2.48  and 
3.63  times  the  1st  day's  value,  cholesterol  being  3.00  and  4.00 
times  the  original  amounts.  Fats  in  the  corpuscles  were  slightly 
increased,  but  the  increased  amounts  were  within  the  limit  of 
analytical  error. 

B.  Lipemta  of  a  Rabbit  on  a  Fat-Free  Diet. — The  same  experi- 
ment was  performed  on  a  larger  rabbit,  weighing  1,980  gm.,  on  a 
fat-free  carrot  diet.  For  the  first  7  days,  the  blood  fats  showed 
no  particular  change,  although  10  cc.  of  blood  were  drawn  every 
day,  and  the  percentage  of  corpuscles  to  the  whole  blood  de- 
creased from  37  to  19,  and  hemoglobin  (Sahli)  from  55  to  30. 
For  2  days  thereafter,  blood  fat  constituents  increased  gradually. 
Finally,  a  large  amount  of  blood  (45  cc.)  was  drawn,  which  caused 
a  strong  lipemia  lasting  for  3  days.  On  the  2nd  day,  the  lipemia 
'WHS  greatest,  and  the  increase  of  total  fatty  acids  in  whole  blood 
and  plasma  was  9.53  and  15.52  times  the  normal  value,  lecithin 
being  4.06  and  7.50,  cholesterol  2.20  and  3.43  times  the  normal. 
IFat  in  the  corpuscles  was  not  much  changed. 

^,         ..      total  fatty  acids        ,     lecithin      .  ,  ., 

The  ratios and  mcreased  greatly 

lecithin  cholesterol 

on  the  1st  day  of  lipemia  in  Experiment  B  as  well  as  in  Experi- 
ment A. 

The  analytical  results  of  Experiments  A  and  B,  and  the  degree 
of  increase  of  blood  fat  compared  with  the  first  sample  are  given 
in  Table  I. 

In  one  case  (a  rabbit  fed  on  sunflower  seed)  strong  Upemia 
was  produced  easily  by  repeated  small  bleedings,  but  in  the 
other  (a  rabbit  fed  on  carrots)  an  extensive  additional  bleeding 
was  required.  Also  the  total  fatty  acids  increased  to  a  greater 
extent  than  lecithin  or  cholesterol,  and  the  Upemia  in  both  cases 
is  that  of  plasma  but  not  that  of  corpuscles. 

As  the  only  difference  between  Experiments  A  and  B,  except- 
ing the  size  of  the  animals,  was  in  the  feeding  of  a  fatty  and  of  a 
fat-free  food,  it  is  very  probable  that  the  fat  of  hpemia  in  Experi- 
ment A  is  due  to  the  food  fat,  and  in  Experiment  B  to  the  mobil- 
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ized  fat  from  the  tissues.  Further,  the  above  fact  proves  that 
the  Upemia  caused  by  inabUity  to  utilize  food  fat  occurs  more 
easily  and  earUer  than  the  Upemia  from  the  stored  fat.  And 
again,  larger  hemorrhage  is  probably  necessary  to  cause  the 
mobilization  of  the  fat  in  tissues,  and  also  a  certain  period  must 
elapse  before  the  fat  will  appear  in  the  blood  stream.  Moreover, 
we  learn  that  it  is  absolutely  necessary  to  avoid  excessive  hemor- 
rhage from  rabbits  not  merely  in  the  study  of  fat  metabolism  but 
also  in  ordinary  chemical  and  serological  work,  as  the  content  of 
blood  would  be  changed.  In  the  above  two  cases,  the  fat  con- 
stituents in  blood  remained  unchanged  for  3  da3rs  in  Experiment 
A  and  7  days  in  Experiment  B,  when  10  cc.  of  blood  were  taken 
every  day. 

Does  Acute  Anemia  Cause  Lipemia  in  a  Rabbiit 

In  this  experiment,  a  large  amount  of  blood  (45  cc.)  was  drawn 
from  each  rabbit.     In  Experiment  A  with  sunflower  seeds,  ^ 
slightly  cloudy  plasma  was  observed  after  24  hours.     The  typical 
chocolate  cream-like  whole  blood  and  creamy  plasma  were  seci> 
after  48  hours,  and  the  Upemia  reached  the  maximum  on  tl>^ 
following  day. 

In  Experiment  B  with  carrots,  the  fat  constituents  in  plastx^^ 
and  whole  blood  increased  somewhat  after  24  hours.  The  plaso^^ 
on  the  next  day  became  milky,  but  began  to  clear  again  on  tt»-* 
4th  day. 

The  anal>'lical  results  of  blood  fats  in  Experiment  A  show     ^ 
large  increase  of  total  fatty  acids  in  plasma  and  a  proportions"^ 
increase  in  whole  blood.     Lecithin  and  cholesterol  increased  al^^ 
in  plasma,  and  therefore  in  whole  blood,  but  not  so  much    ^^ 
total  fatty  acids.     In  Experiment  B,  the  greatest  increase    ^ 
total  fatty  acids  in  plasma  took  place  48  hours  after  drawing  tf^f 
blood.     It  was  about  four  times  the  first  sample.    As  in  Exp^^^' 
ment  A,  lecithin  and  cholesterol  increased  markedly  in  plasr^o^^ 
but  not  so  much  as  the  total  fatty  acids.    Fat  values  in  C5^^' 
puscles  in  both  cases  are  not  particularly  increased.     Therefc^^' 
the  Upemia  of  both  rabbits,  occurring  markedly  from  food  ^^^ 
and  less  so  from  tissue  fats,  was  in  plasma  alone,  and  not>   ^ 
corpuscles. 
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To  make  clear  the  degree  of  increase  of  blood  fats  in  plasma  by 
acute  anemia,  a  summary  of  Table  II  is  added. 


Summary  of  Table  II. 


Day  of  anemia. 


Ratio  of  the  high  fat  value  in  plasma  to  the  original  amount 
in  lipemia  by  aoute  anemia. 


Total  fatty  adds. 


Lecithin. 


Cholesterol. 


A.  No.  14  (sunflower  seed  diet). 


B.  No.  16  (carrot  diet). 

Ist 

1.00 

1.00 

1.00 

2nd 

1.36 

1.82 

1.50 

3rd 

4.32 

2.56 

2.33 

4th 

2.54 

2.27 

2.00 

7th 

1.29 

1.36 

1.50 

The  fat  value  of  the  Ist  day's  blood  is  called  1.00;  the  other  numbers 
express  the  relation  of  high  fat  values  to  the  originals. 

Haw  Long  Does  the  Ldpemia  Produced  by  Acute  Anemia  Contim^^ 

In  this  experiment,  three  rabbits,  two  fed  on  sunflower  se^^ 
and  one  on  carrots,  were  used.  It  was  desired  to  study  the  wh.^® 
course  of  the  lipemia  of  acute  anemia. 

Experiment  A, — One  of  the  two  rabbits  on  fatty  food  was  m^»^® 
anemic  by  drawing  a  large  amount  of  blood  (70  cc),  in  which  "*"^ 
milky  plasma,  beginning  slightly  after  24  hours  as  in  previ^^^ 
cases,  developed  strong  milkiness,  reached  its  maximum  Si0''^^ 
72  hours,  and  then  began  to  decrease  on  the  next  day.  'iT'he 
milkiness  disappeared  from  the  plasma  168  hours  after  the  ^J^ 
bleeding  and  the  increased  fat  constituents,  total  fatty  aci"^» 
lecithin,  and  cholesterol,  in  plasma  had  returned  to  about  "**'® 
original  amount  after  18  days.  * 

In  Rabbit  18,  which  had  been  used  2  months  before  as  "^o. 
16  for  a  similar  experiment,  the  lipemia  was  of  a  little  dififer^''^ 
type  as  regards  its  beginning  and  duration.    The  marked  lipetnw 
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began  24  hours  after  the  first  drawing  of  blood  and  reached  the 
maximum  48  hours  after  the  first  bleeding.  Strongly  milky 
plasma  was  seen  for  5  days.  Moreover,  the  lipemia  was  more 
marked  than  in  others,  the  fat  value  being  the  highest  of  all  the 
cases;  highest  total  fatty  acids  being  as  large  as  25.48  times  the 
1st  day's  amount.  The  other  lipoid  constituents  in  plasma  were 
also  very  high.  The  lipemia  gradually  diminished  and  after  17 
days  aU  the  fat  values  were  near  the  original  amount. 

Experiment  B. — With  Rabbit  19  (carrot-fed),  as  the  drawing  of 
a  relatively  small  amount  of  blood  (35  cc.)  caused  very  little 
difference  in  the  blood  fat  constituents,  another  bleeding  of  25 
cc.  was  made  on  the  next  day.  Then  the  increase  of  fats  in 
plasma  began  promptly,  and  miUdness  continued  for  the  2  fol- 
lowing days.  However,  in  this  carrot-fed  rabbit  as  well  as  in 
the  previous  one  on  the  same  diet,  the  change  in  fat  constituents 
was  relatively  small.  Although  the  total  fatty  acids,  lecithin, 
and  cholesterol  decreased  day  by  day,  they  were  a  little  higher 
than  the  first  amounts  even  after  14  days. 

The  sununary,  calculated  from  Table  III,  shows  the  percent- 
age increase  of  fats  in  plasma,  during  the  whole  course  of  the 
lipemia. 

In  the  three  cases,  the  milky  plasma  continued  for  6,  5,  and 
3  days,  respectively,  after  the  first  hemorrhage,  while  each  blood 
fat  constituent  was  generally  higher  than  the  original  amount 
even  after  17,  14,  and  13  days,  respectively. 
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Summary  of  Table  III. 


Rabbit  No. 


Day  of  anemia. 


Ratio  of  the  high  fat  value  in  plasma  to  the  original 
amount  through  the  whole  lipemia  oouive. 


Total  fatty  adda. 


Lecithin. 


I 


Cholesterol. 


A.  Sunflower  seed  diet. 


13       • 

1st 

1.00 

1.00 

1.00 

2nd 

2.12 

1.22 

1.33 

3rd 

16.12 

6.11 

3.83 

4th 

19.96 

7.78 

6.17 

5th 

11.73 

4.67 

3.33 

6th 

5.00 

2.67 

2.00 

7th 

2.81 

2.11 

1.83 

8th 

1.54 

2.00 

1.83 

18th 

1.08 

1.44 

1.67 

18 

Ist 

1.00 

1.00 

1.00 

2nd 

10.33 

2.50 

3.83 

3rd 

25.48 

6.17 

8.33 

4th 

16.71 

4.00 

7.33 

5th 

14.05 

3  76 

500 

6th 

10.71 

2.67 

4.17 

9th 

1.81 

1.42 

2.00 

12th 

1.38 

1.33 

1.83 

15th 

1.00 

0.83 

1.50 

B.  Carrot  diet. 

19 

1st 

1.00 

1.00 

1.00 

2nd 

1.18 

1.25 

1.13 

3rd 

2.27 

1.42 

1.13 

4th 

5.47 

1.75 

1  63 

5th 

7.88 

2.50 

2.00 

6th 

3.94 

1.50 

1.50 

7th 

2.24 

1.26 

1.25 

9th 

2.29 

1.17 

1  13 

14th 

1.41 

1.08 

1.00 

What  Influence  Does  Fat  Feeding  Have  on  the  Lipemia  of  a 
Rabbit  on  Carrot  Diet  in  Acute  Anemiaf 

An  additional  experiment  was  performed  with  Rabbit  15,  M 
on  carrots,  made  lipemic  by  twice  drawing  a  large  amount  of 
blood.  4  days  after  the  first  bleeding,  and  when  the  blood  fat 
constituents  began  to  decrease,  the  animal  was  fed  with  fatty 
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food  (sunflower  seeds)  half  a  day.  The  blood  sample  of  the 
following  morning,  instead  of  diminishing,  showed  an  apparently 
higher  Upemia.  The  total  fatty  acids  in  plasma  and  whole 
blood  increased  nearly  twice.  Lecithin  and  cholesterol  values 
also  increased.  The  milkiness  of  the  plasma  disappeared  soon, 
and  the  blood  fat  constituents  decreased  also,  yet  they  were  a 
little  higher  than  the  original  values  after  10  days.  This  experi- 
ment clearly  indicates  the  relation  between  the  Upemia  from 
stored  fat  and  the  Upemia  from  food  fat  in  acute  anemia.  The 
analytical  results  are  given  in  Table  IV. 

SUMMARY    AND    CONCLUSION. 

1.  Lipemia,  higher  than  any  reported  in  aUmentary  Upemia  in 
animals  or  in  the  blood  of  severe  human  diabetic  acidosis,  was 
produced  by  a  single  hemorrhage  on  a  rabbit. 

In  a  relatively  small  rabbit  (1,190  gm.),  fed  with  sunflower 
seeds  (fat  content  about  40  per  cent),  the  repeated  drawing  of  a 
small  amount  of  blood,  amounting  to  35  cc.  in  3  days,  was  enough 
to  produce  strong  Upemia;  the  highest  content  of  total  fatty 
acids,  lecithin,  and  cholesterol  in  plasma  being  8.41,  3.63,  and 
4.00  times  the  original  values,  respectively,  while  in  the  rabbit  on 
fat-free  food  (carrots  which  contain  0.4  per  cent  of  fats)  the  milky 
plasma  appeared  only  after  the  repeated  drawing  of  10  cc.  of 
blood  for  9  days  and  one  additional  large  hemorrhage  (45  cc), 
the  highest  amount  of  the  above  mentioned  fat  constituents 
being  on  this  occasion  15.52,  7.50,  and  3.43  times  the  first  plasma 
fat  values. 

In  the  cases  of  acute  anemia,  produced  by  one  large  hemorrhage 
(45  cc.)  on  the  fat-fed  rabbit,  the  whole  blood  looked  like  choco- 
late cream  and  the  plasma  was  thick  and  creamy.  In  these  cases, 
the  highest  amounts  of  total  fatty  acids,  lecithin,  and  cholesterol 
in  plasma  were  found  to  be  12.56,  4.64,  6.50;  19.96,  7.78,  6.17; 
and  25.48,  6.17,  8.83  times  the  normal  values,  while  in  carrot- 
fed  rabbits  the  amounts  were  4.32,  2.55,  2.33,  and  7.88,  2.50, 
2.00  times  the  normal  values. 

These  lipemias  occurred  by  reason  of  the  inabiUty  of  the  rab- 
bits to  utilize  the  absorbed  food  fats  and  mobiUzed  tissue  fats  in 
the  blood  stream.    The  experiment  with  Rabbit  15  on  carrot 
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diet  gives  us  definite  proof  that  fat  feeding  increases  lipemia  to  a 
considerable  degree. 

2.  The  duration  of  the  lipemia  of  acute  anemia  ia  relatively 
short.  The  lipemia  of  rabbits  on  fat  begins  with  sUghtly  cloudy 
plasma  24  hours  after  a  large  bleeding.  The  creamy  or  milky 
plasma  appears  after  another  24  hours  and  the  thickest  creamy 
plasma  is  observed  about  72  hours  after  the  first  hemorrhage. 
Thereafter,  the  lipemia  decreases  gradually  and  disappears  within 
another  72  hours.  The  cases  of  carrot-fed  rabbits  proceeded 
nearly  like  rabbits  fed  on  sunflower  seeds,  the  diflFerence  being  in 
the  amount  of  fatty  contents. 

Although  the  milkiness  of  plasma  disappeared  in  a  relatively 
short  time,  the  abnormally  .high  values  of  fats  in  the  blood  con- 
tinued for  a  markedly  long  time.  High  values  persisted  even 
after  18  and  14  days  from  the  beginning  (Nos.  13,  18,  and  19). 
As  the  result  of  small  daily  blood  letting  for  9  days  and  a  final 
large  bleeding.  Rabbit  17,  carrot-fed,  had  strong  lipemia  and 
milky  plasma  for  5  days.  Its  blood  fat  constituents  as  weU  as 
the  percentage  of  corpuscles  and  hemoglobin  were  normal  in  a 
sample  taken  27  days  after  the  plasma  began  to  be  milky. 

3.  The  above  mentioned  lipemia,  due  either  to  external  food 
fat  or  to  internal  body  tissue  fat  or  to  both  (No.  15),  is  a  case  of 
lipoidemia;  i.e.,  the  great  increase  of  total  fatty  acids  was  accom- 
panied by  a  corresponding  increase  of  lecithin  and  cholesterol. 
The  increase  of  the  latter  mentioned  substances  was,  however, 
not  mathematically  proportional  to  that  of  total  fatty  acids,  and 
the  amounts  varied  rather  irregularly.  This  lipoidemia  of  rab- 
bits in  acute  anemia  is  a  lipoidemia  of  plasma,  but  not  of  cor- 
puscles, as  the  latter  does  not  share  particularly  in  the  fat  accu- 
mulation in  the  blood,  as  can  be  seen  from  the  analytical  results. 
A  similar  phenomenon  was  experienced  by  Bloor  only  in  the  high 
grade  lipemia  of  some  cases  of  human  diabetes  mellitus;'  while 
in  other  cases  of  the  same  disease  and  his  work*  on  fat  assimila- 
tion, some  increase  of  the  fat  constituents  in  corpuscles  was 
always  observed. 

4.  Lipemia,  caused  by  blood  letting,  can  be  produced  more 
easily  and  in  a  much  higher  degree  when  the  fats  originate  from 

»  Bloor,  W.  R.,  J.  Biol.  Chem.,  1916,  xxvi,  417. 

<  Bloor,  W.  R.,  /.  Biol.  Chem.,  1916,  xxiv,  227,  447. 
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the  food  than  when  they  are  mobilized  from  body  tissues.  It  is 
a  fact  of  some  interest  that  in  a  carrot-fed  rabbit  (No.  17)  the 
ver>^  striking  lipemia  was  observed  after  a  large  blood  drawing 
when  the  animal  had  been  previously  subjected  to  repeated  small 
bleedings  for  9  days  amounting  to  90  cc.  It  is  possible  that  the 
organism  had  been  prepared  for  mobilization  of  body  fat  when 
previously  exposed  to  anemia  for  several  days. 

5.  As  the  increase  of  total  fatty  acids  is  markedly  more  than 

that  of  lecithin  and  cholesterol,  the  ratio  ^^-^^ in 

lecithin 

whole  blood  and  plasma  is  abnormally  high  in  strong  lipemia. 

As  a  rule  the  ratio is  not.  particularly  changed. 

cholesterol  1 

6.  As  lipemia  may  be  caused  both  by  repeated  drawing  of  smaW 
amounts  of  blood  and  also  by  a  large  hemorrhage,  care  must  ^ 
taken  in  the  interpretation  of  the  conclusions  from  work  on  blood 
fats  done  under  such  conditions. 

7.  As  to  the  etiology  of  lipemia,  the  decrease  of  the  amount*  ^; 
lipase  in  blood  serum,  determined  by  Sakai  by  the  stalagmome"^^^ 
method  of  Rona  and  Michaelis,^  may  be  a  factor.    Howe^^^^^^' 
Sakai  did  not  attempt  to  determine  why  the  lipase  in  blood  ser — "^ 
was  decreased.     It  is  very  probable  that  hemorrhage  may  in^t*^' 
fere  with  the  function  of  the  internal  organ  which  is  thought:--^  /^ 
be  the  seat  of  the  production  of  lipase — ^the  pancreas — and  iiw-^'^^^^ 
the  organs  in  which  the  lipolytic  process^  takes  place,  such  as    '^^ 
spleen,  lymphatic  glands,   etc.,  and  also  the  liver'-*  which        ^ 
believed  to  be  an  important  organ  for  the  end  or  later  staged 
fat   metabolism    (Knoop,®  Leathes,  etc.).    Accordingly,   aba 
mally  lower  lipolysis  and  oxidation  of  fats  may  result,  and- 
lipemia  may  finally  be  produced.    Those  important  organs 
fat  metabolism  would  be  gradually  weakened  for  2  or  3 
after  hemorrhage  and  then  gradually  recover,  as  seen  in  t 


*Rona,  P.,  and  Michaelis,  L.,  Biochem.  Z.,  1911,  xxxi,  345.    Rona 
Biochem.  Z.,  1911,  xxxiii,  413. 

•  Freudenberg,  E.,  Biochem,  Z.,  1912,  xlv,  467. 

"*  Leathes,  F.  B.,  The  fats,  London,  2nd  edition,  1913. 

•  Shibata,  N.,  Biochem,  Z.,  1911,  xxxvii,  345. 

•Knoop,  F.,  Beitr.  chem.  Physiol,  u.  PcUh.,  1905,  vi,  150. 
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disappearance  of  milkiness  of  plasma  and  the  decrease  of  blood 
fat  constituents  shown  by  our  experiments. 

In  fat  wandering,  which  has  been  much  discussed  in  cases  of 
phosphorus  and  other  poisoning,  fat  transportation  from  the 
tissues  into  the  liver  occurs  when  there  is  a  great  diminution  of 
glycogen  in  the  liver.  In  acute  anemia,  it  might  be  supposed 
that  the  liver  glycogen  is  exhausted  before  a  new  supply  from 
food  (carrots)  reaches  the  organ.  However,  the  appearance  of 
lipemia  in  acute  anemia  is  due  more  likely  to  a  temporary  fasting, 
as  a  large  hemorrhage  may  produce  a  kind  of  inanition.  Such 
severe  lowering  of  nutrition  may  be  enough  to  produce  mobiliza- 
tion of  stored  fat,  giving  rise  to  the  accumulation  of  fat  in 
the  blood  for  some  length  of  time  by  the  synchronic  lack  of 
lipolytic  action.  The  lipemia  may  disappear  either  when  the 
nutrition  of  organs  and  tissues  again  becomes  sufficient  from 
food  or  when  the  lipolytic  power  of  the  blood  is  completely  regen- 
erated. The  idea  that  some  of  the  tissue  fats  may  be  easily  and 
others  may  not  be  so  easily  mobilized  is  plausible.  In  Rabbit 
18,  which  was  exposed  previously  to  anemia,  the  lipemia  by 
acute  anemia  occurred  more  easily  and  earlier  than  in  a  normal 
one. 

8.  Leathes'^  hypothesis  that  lecithin  is  a  stage  through  which 
the  fat  must  pass  before  it  can  be  utilized  in  metabolism,  was 
supported  by  Bloor*  by  the  fact  that  the  lecithin  value  in  corpus- 
cles always  increased  abnormally,  when  the  plasma  contained  an 
extra  amount  of  fat,  due  to  the  transformation  of  fatty  acids 
into  lecithin  by  corpuscles.  In  my  experiments,  however,  it  was 
not  possible  to  observe  this,  as  the  lecithin  value  in  corpuscles 
was  not  high.  If  the  above  mentioned  theory  is  true,  there 
should  result  a  hypothesis  that  the  extent  of  that  function  of 
corpuscles  would  be  limited  in  acute  anemia,  and  therefore  the 
fat  constituents  in  corpuscles  remain  almost  unchanged,  while 
extra  fat  is  left  in  the  plasma  without  being  taken  up  by  cor- 
puscles, resulting  in  a  condition  of  lipemia. 
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From  time  to  time  during  the  past  few  years  there  have 
appeared  in  the  literature  reports  of  investigations  dealing  with 
the  biological  value  of  heat-treated  milk.  These  are  more  or 
less  contradictory,  some  authors  contending  that  while  certain 
chemical  changes  have  resulted  from  the  processes  employed,  they 
have  not  altered  the  biological  value  of  the  milk.^  Indeed,  in 
certain  instances  it  has  been  pointed  out  that  boiled  milk  of 
another  species  is  better  borne  than  raw  milk.  On  the  other 
hand,  there  are  experiments  which  indicate  that  the  nutritive 
value  of  raw  milk  is  much  greater  than  that  of  boiled  milk.  These 
varying  results  may  be  due  (1)  to  the  different  methods  employed 
in  heating  the  milk;  or  (2)  to  the  different  lengths  of  time  the 
experiments  were  run.  Milk  boiled  quickly  may  have  quite 
different  values  from  that  which  has  been  brought  slowly  to  the 
boiling  temperature;  and  an  experiment  continued  over  many 
months  may  produce  results  which  are  not  discernible  in  a  short 
period  investigation.  Rickets  is  not  a  quicldy  developing  syn- 
drome, but  the  outcome  of  a  greater  or  less  deficiency  over  a 
considerable  period. 

Among  those  who  contend  that  milk  has  been  made  less  valu- 
able by  heating  to  high  temperatures,  there  is  little  unanimity  of 
opinion  regarding  the  cause  of  the  deterioration.  Recent  findings 
relative  to  the  thermostability  of  the  antiscorbutic  vitamine  may 
account  for  some  of  the  apparent  inconsistencies ;2  but,  in  those 

*  The  literature  has  been  reviewed  by  Lane-Clay pon,  J.  E.,  Milk  and  its 
hygienic  relations,  London,  New  York,  Bombay,  and  Calcutta,  1916,  225. 

*  Chick,  H.,  Hume,  M.  E.,  and  Skelton,  R.  F.,  Biochem.  J.,  1918,  xii, 
131.  Hess,  A.  F.,  and  Fish,  M.,  Am.  J.  Dis.  Child.,  1914,  viii,  385.  Hess,. 
A.  F.,  Am.  J.  Dis.  Child.,  1916,  xii.  152. 
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cases  where  the  investigations  were  carried  out  with  rats,  it 
would  seem  that  the  biologic  impotency  cannot  be  attributed 
altogether  to  the  destruction  of  this  vitamine,  for  rats  in  our 
laboratory'  which  have  been  fed  purified  rations,  containing  no 
demonstrable  amount  of  the  antiscorbutic  vitamine,  throughout 
a  complete  life  cycle  have  made  what  is  considered  normal  growth; 
have  reproduced;  and  reared  their  young.  These,  in  turn,  have 
repeated  the  performance  of  the  parents. 

Other   substances   which   have   been   considered    as   possibly^ 
responsible  for  the  lack  of  physiologic  well  being  of  animals  fed 
heat-treated  milk  are  the  casein,  and  the  antineuritic  vitamim 
(water-soluble  B).     McCoUum  and  Davis*  fed  rations  in  which 
the  sole  source  of  the  water-soluble  vitamine  was  superheated 
whey  (15  pounds  pressure  for  1  hour)  in  certain  cases;  and  in 
others    the    water-alcohol    extract  of    wheat  embryo  similarly 
treated.    There  was  no  evidence  that  the  vitamine  was  destroyed. 
The  rats  grew  quite  as  well  as  control  animals  receiving  similar 
rations   containing   the   unheated   materials.    When,    however, 
skim  milk  powder,  heated  for  a  considerable  period  in  a  double 
boiler,  or  for  1  hour  in  an  autoclave  at  15  pounds  pressure,  was 
used,  growth  was  not  comparable  to  that  on  the  unheated  powder. 
This  heated  milk  powder  also  lost  its  potency  as  a  supplement- 
ing material  for  rations  consisting  of  polished  rice,  salts,  and 
butter  fat — rations  which  require  both  protein  and  the  water- 
soluble  food   accessory   to  make  them  support  growth.     The 
addition  of  a  growth  minimum  (10  per  cent)  of  unheated  casein 
to  a  ration  consisting  of  superheated  milk  powder  stimulated 
growth,   which   continued   slowly   throughout   the  experiment. 
The  authors  conclude  that  heating  casein  for  1  hour  in  an  auto- 
clave at  15  pounds  pressure  quite  destroys  its  biologic  value  as  a 
complete  protein. 

Hogan,*  on  the  other  hand,  believes  that  high  temperatures 
affect  the  vitamines  rather  than  the  proteins.  He  found  that 
rations  including  superheated  casein  and  egg  white,  as  essential 
parts  of  the  protein  requirement,  produced  growth  similar  to 
that  secured  by  rations  containing  the  unheated  proteins.  In  a 
second  group  of  experiments,  when  com  mixtures,  which  fur- 

»  McCollum,  E.  v.,  and  Davis,  M.,  J,  Biol.  Chem.f  1915,  xxiii,  247. 
*  Hogan,  A.  G.,  /.  Biol.  Chem,,  1917,  xxx,  115. 
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nished  the  vitamines,  were  superheated  before  the  addition. of 
these  proteins,  growth  was  less  marked  than  on  similar  rations 
which  were  unheated.  Protein  deterioration  could  not  have 
been  responsible  for  the  lack  of  growth  here.  The  vitamines 
appear  to  be  at  fault.  There  is,  however,  no  experimental 
evidence  to  indicate  which  of  the  vitamines  may  have  been 
affected. 

Gibson  and  Concepci6n*^  fed  fowls  a  diet  of  polished  rice  and 
milk,  some  being  given  raw  milk  (100  cc),  while  others  received 
An  equal  amount  of  rice  and  autoclaved  milk.  The  results  indi- 
cate that  milk  has  little  protective  action  against  polyneuritis, 
for  the  birds  receiving  these  additional  milks  developed  poly- 
neuritis in  about  the  same  time  as  those  fed  polished  rice  alone. 
The  autoclaved  milk,  however,  did  not  appear  to  promote  the 
onset  of  the  neuritic  sjmiptoms.  When  a  considerably  larger 
amount  (200  cc.)  of  milk,  either  fresh  or  autoclaved^  was  fed, 
neither  group  developed  neuritis  and  there  was  no  evidence  of 
degenerative  changes  in  the  peripheral  nerves  of  these  birds. 
From  these  results  it  would  seem  that  the  antineuritic  vitamine 
had  not  been  materially  affected  by  the  high  temperatures  (2 
hours  at  125°C.).  Comparable  results  were  also  obtained  with 
pigs  and  dogs. 

Recently,  some  suspicion  has  been  cast  on  the  thermostability 
•of  the  fat-soluble  vitamine  in  certain  fats.  Osborne  and  Mendel* 
allowed  steam  to  pass  through  butter  oil  for  2j  hours.  This, 
when  used  as  the  source  of  fat-soluble  A  in  rations,  gave  every 
indication  of  being  as  efficient  as  the  untreated  butter  oil.  Steen- 
bock  and  coworkers,^  however,  have  reported  that  the  fat-soluble 
vitamine  is  readily  destroyed  even  below  100°C.  It  is  probable 
that  the  apparent  inconsistency  in  the  results  of  these  investiga- 
tions lies  in  the  fact  that  in  one  case  the  fat  was  heated  in  the 
presence  of  water  (steam),  whereas  in  the  other  no  moisture  was 
included.  We  have  found  no  reports  dealing  with  the  effects  of 
•superheat  on  the  fat-soluble  complex  as  it  exists  in  milk. 

*  Gibson,  R.  B.,  and  Concepci6n,  I.,  Philippine  J,  Sc,  Section  B,  1916, 
xi,  119. 

•  Osborne,  T.  B.,  and  Mendel,  L.  B.,  /.  Biol,  Chem.,  1916,  xxiv,  37. 

'  Steenbock,  H.,  Boutwell,  P.  W.,  and  Kent,  H.  E.,  /.  BioL  Chem,, 
1918,  xxxY,  517. 
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,  In  a  recent  study  (19 1(5)  of  the  nutritive  value  of  milk  held  at 
the  boiling  temperature  for  different  periods,  Daniels  and  Stuessy* 
observed  that  rats  fed  milk  boiled  1,  10,  and  45  minutes,  respec- 
tively, grew  slowly,  failed  to  achieve  the  expected  weight  for 
normal  animals,  and  never  reproduced.     Growth  curves  of  rats  . 
receiving  milk  heated   above   100°C.    (114°C.   for  45    minutes) 
were  fairly  comparable  to  those  receiving  milk  held  at  the  boiling 
temperature,  nutrition  disaster  intervening  only  somewhat  earlier. 
The  addition  of  well  washed  coagulated  egg  yolk  and  casein  to 
the  diets  of  those  animals  receiving  the  milk  held  at  the  boiling 
temperature  for  45  minutes,  and  of  coagulated  egg  white  to  the 
superheate^d  milk,  caused  growth  to  be  resumed.    The  animals 
fed  the  egg  yolk  additions  produced  several  litters  of  young  which 
were  successfully  suckled.    Although  the  authors  offer  in  expla- 
nation of  their  results  the  possible  destruction  of  some  of  the 
casein,   which  was  supplemented  by  the  added  protein,   they 
suggest  that  there  might  be  other  contributing  factors,  such  as 
the  vitamines  and  inorganic  constituents  which  were  respon- 
sible for  the  growth  stimulation. 

Since  the  first  report,  some  of  the  above  experiments  have 
been  repeated  with  the  vi^w  of  determining,  if  possible,  what 
substance  or  substances  are  changed  by  the  heating  processes. 
In  the  earlier  work,  in  order  that  all  conditions  during  heating 
might  be  as  nearly  comparable  as  possible,  equal  quantities  of 
milk  (1  pint)  were  brought  to  the  desired  temperature  in  glass 
containers  of  the  same  size  and  form,  which  were  completely 
surrounded  by  cold  water.  The  period  of  boiling  was  counted 
from  the  time  the  milk  reached  the  boiling  temperature  (98®F.)^ 
the  time  required  to  bring  the  milk  to  the  boiling  point  (about 
35  minutes)  not  being  considered.  In  the  new  experiments, 
since  the  length  of  time  the  milk  was  held  at  the  boiling  tempera- 
ture appeared  to  make  but  little  difference  in  the  growth  of  the 
animals,  the  milk  was  brought  quickly  to  the  boiling  point  in  an 
open  aluminum  kettle,  and  the  boiling  continued  for  just  1  min- 
ute. At  that  time  it  was  believed  that  milk  brought  quickly  to 
the  boiling  point  was  in  ever>'  way  comparable  to  that  heated  by 
the  former  method.     In  these  experiments  special  care  was  taken 

•  Daniels,  A.  L.,  and  Stuessy,  S.,  Am,  J.  Dis,  Child. ^  1916,  xi,  45. 
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to  select  well  nourished  young  rats  from  our  stock  group.  Our 
rats  of  the  first  generation  fed  this  quickly  heated  milk  grew 
normally,  and  to  all  appearances  were  perfectly  nourished  ani- 
mals (Chart  1).  Growth  in  these  rats  was  in  such  striking  con- 
trast to  that  of  the  earher  work  that  it  seemed  best  to  repeat  the 
former  experiments,  heating  the  milk  under  the  same  conditions 
as  before.  Our  results  with  this  second  group  of  rats  fed  the 
milk  brought  slowly  to  the  boiling  point  were  the  same  as  those 


Chart  1.  These  Bnimals  were  fed  milk  bested  quickly  to  the  boJIinK 
temperature  and  sustained  for  1  minute. 


Chart  2.  Rats  fed  milk  heated  alowiy  to  the  boiling  temperature  grew 
at  about  half  the  usual  rate. 

of  the  first  experiments — the  animals  grew  slowly,  reached  only 
about  half  the  normal  size,  and  failed  to  reproduce  (Chart  2). 
A  comparison  of  the  growth  curves  of  these  milk-fed  animals  can 
lead  to  but  one  conclusion;  namely,  that  milk  brought  quickly  to 
the  boihng  temperature  and  held  there  for  only  a  short  period  is 
little  affected,  while  that  which  has  been  heated  for  a  considerable 
period  (35  minutes),  even  below  the  boiling  temperature,  is  so 
changed  that  it  fails  to  meet  the  nutritive  requirements  of  rats. 
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The  results  with  the  slowly  heated  milk  led  us  to  investigate 
the  effects  of  commercially  canned  milk  and  milk  pasteurized  by 
the  "hold*'  system — a  system  used  extensively  in  dairies  and  in 
institutions  where  numbers  of  babies  are  cared  for.  Previous 
experience  in  our  laboratory  with  milk  pasteurized  by  the  "flash" 
system  has  indicated  that  it  is  little  affected  by  the  process. 
Rats  grew  as  well  on  this  as  on  milk  raised  quickly  to  the  boiling 
temperature. 

The  pasteurized  milk  used  in  our  experiments  was  prepared 
under  the  same  conditions  as  that  used  for  the  babies  in  our  chil- 
dren's hospital.  The  milk  was  placed  in  individual  nursing 
bottles  which  were  surroimded  by  cold  water.  The  water  was 
heated  by  steam  to  65°C.  in  some  cases,  and  in  others  to  82**C., 
the  time  required  for  heating  varying  from  30  to  45  minutes, 
depending  upon  the  pressure  on  the  particular  day.  The  milk 
was  then  held  at  the  desired  temperature  40  minutes,  after  which 
it  was  cooled  by  running  water  and  placed  on  ice.^ 

In  our  experiments  with  commercially  canned  milk,  both  the 
sweetened  (condensed)  and  the  unsweetened  (evaporated)  were 
used.  In  the  latter  case  (evaporated  milk)  three  brands,  desig- 
nated as  Brands  A,  B,  and  C,  were  tested.  In  one  case  only 
were  we  able  to  get  definite  information  regarding  the  methods 
of  preparation.  We  infer  that  the  methods  employed  in  the 
other  two  cases  were  similar.  The  process  consists  in  holding  the 
milk  at  the  boiling  temperatuee  for  approximately  10  minutes. 
It  is  then  evaporated  in  vacuo  at  a  temperature  of  130-140**  F. 
imtil  the  ratio  is  approximately  two  to  one.  After  cooling,  it  is 
canned,  sealed,  and  sterilized  at  240°  F.  for  about  20  minutes. 
These  milks  diluted  with  equal  quantities  of  distilled  water,  to 
which  a  few  specks  of  iron  citrate  were  added,  were  fed  ad  libitum, 
especial  care  being  taken  to  see  that  an  abundance  of  milk  was 
always  provided. 

In  the  production  of  the  condensed  milk   tested  according 
the  statement  of  the  manufacturer,  after  adding  the  sugar  th 


'  We  appreciate  that  the  temperature  of  pasteurization  was  somewl 
higher  than  that  used  in  the  commercial  process,  and  therefore  no  concb 
sions  regarding  the  biologic  value  of  the  commercially  pasteurised  inLT^ 
can  be  drawn.    Experiments  with  milk  commercially  pasteurized  are  noir 
in  progress. 
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milk  is  first  heated  to  approximately  200°  F.  This  is  then  con- 
densed to  the  desired  consistency  in  vacuum  pans,  the  tempera- 
ture during  this  part  of  the  operation  averaging  150°  F.,  but  as 
the  milk  condenses  the  temperature  gradually  drops  until  it 
reaches  about  120°  at  the  completion  of  the  process.  This  milk 
was  fed  undiluted,  distilled  water  being  provided  in  other  con- 
tainers. 

The  growth  curves  of  the  rats  fed  the  pasteurized  milk  {Chart 
3)  are  very  similar  to  those  of  animals  which  received  the  milk 
heated  slowly  to  the  boiling  temperature.     As  In  the  latter  case, 
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Charts.  Growth  curves  of  rata  fed  milk  pftHteurixed  by  the  ''hold" 
process  in  the  apparatus  used  for  pasteurizing  the  hospital  infanta'  milk 
feedings.  During  Period  2  (represented  by  the  broken  line)  the  addition 
of  tricalcium  phosphate  incorporated  in  a  starch  paste  stimulated  growth. 

the  rats  grew  at  about  half  the  usual  rate  and  never  attained  the 
normal  size  for  adult  animals, 

With  the  unsweetened  (evaporated)  milk  the  results  were  even 
more  surprising  (Chart  4) .  On  Brand  A  the  animals  made  almost 
DO  growth  gains  and  died  after  a  few  weeks.  On  Brands  B  and 
C  slightly  better  results  were  obtained.  The  animals  gained 
slowly  and  lived  for  somewhat  longer  periods,  but  all  ultimately 
died  in  a  miserable  condition — emaciated,  with  roughened  coats, 
but  with  no  signs  of  xerophthalmia.  The  somewhat  better 
results  with  Brands  B  and  C  may  possibly  be  explained  by  the 
fact  that  the  animals  on  these  were  about  2  weeks  older  when  the 
experiment  was  begun. 


Deficiency  of  Heat-Treated  Milks 


The  animalB  fed  the  sweetened  (condensed)  milk"'  made 
decidedly  better  growth  than  any  of  our  rata  fed  the  other  fonne 
of  long  heat-treated  milk;  in  fact  their  curves  of  growth  are 
fairly  comparable  to  those  of  normal  animals  (Chart  5,  Group  2). 
Although  the  temperatures  used  in  the  process  of  condensing, 


Cbabt  4.  Animals  fed  evaporated  milk  (uDBweetened)  loade  acar^-^'^ 
no  growth  and  died  after  a  few  weeks. 
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Chart  5.  Group  1  indicates  the  rate  of  growth  of  animalB  ted  evap  ■ 
ated  milk  made  into  a  starch  paste. 

Group  2  are  growth  curves  of  animals  fed  undiluted  condensed  (awe-' 
ened)  milk. 


'"We  are  indebted  to  Miss  Emma  Fra 
for  assistance  in  these  experiments. 


,  Battle  Creek,  Michigi 
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after  the  initial  step,  were  not  so  very  different  from  those 
employed  in  our  pasteurization  processes,  the  chemical  changes 
produced,  seemingly,  had  not  taken  place.  In  view  of  our  other 
findings  these  results  were  at  first  confusing.  The  explanation, 
however,  was  forthcoming  later  in  the  investigation. 

In  studying  what  changes  had  taken  place  in  the  unsweetened 
(evaporated)  and  our  long  heat-treated  milks,  our  attention  was 
first  directed  toward  the  possible  destruction  of  the  two  vitamines, 
fat-soluble  A  and  water-soluble  B.  The  addition  of  liberal 
amounts  (25  cc.  per  200  cc.  of  milk)  of  the  water-alcohol  extract 
of  wheat  embryo  to  the  milk  raised  slowly  to  the  boiling  tempera- 
ture produced  no  perceptible  change  in  the  growth  curves  of 
these  animals.  Nor  was  there  any  evidence  that  the  antineuritic 
vitamine  was  affected  in  the  milk  heated  to  the  higher  tempera- 
tures (evaporated  milk).  Those  animals  fed  purified  rations"  in 
which  the  antineuritic  material  was  supplied  by  fresh  milk  in 
one  case  and  diluted  evaporated  milk  in  another,  gave  no  indica- 
tion that  the  antineuritic  vitamine  was  destroyed  by  the  con- 
densing process  (Chart  6).  During  the  early  part  of  the  investi- 
gation too  little  milk  (less  than  200  cc.  per  100  gm.  of  ration) 
was  added  to  produce  normal  growth.  The  growth  curves  of  the 
animals  receiving  the  evaporated  milk  additions,  however,  were 
consistently  better  than  those  of  animals  receiving  the  fresh  milk 
mixture.  These  better  results  seem  to  point  to  a  higher  anti- 
neuritic content  of  the  food  mixture  containing  the  evaporated 
milk.  In  preparing  the  foods  especial  care  was  taken  to  dilute 
the  evaporated  milk  with  equal  quantities  of  distilled  water.  A 
comparison  of  the  protein  (N  X  6.25)  content  of  this  diluted  milk 
(3.5  per  cent)  and  the  fresh  (3.3  per  cent)  milk  suggested  that  the 
evaporated  milk,  as  fed,  might  contain  slightly  more  of  the 
vitamine.     We  appreciate,  however,  that  the  amount  of  protein 

"  The  purified  rations  consisted  of: 

Casein 13.5  gm. 

Corn-starch 77.0    " 

Suitable  salt  mixtures * 6.0    " 

Milk,  evaporated 28.0  cc. 

"      fresh 56.0  " 

The  precipitated  casein  was  washed  24  hours  in  running  water,  dis- 
solved in  0.2  per  cent  sodium  hydroxide  solution,  reprecipitated  with 
diluted  acetic  acid,  and  again  washed  24  hours  in  running  water. 
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a  milk  contains  can  ))e,  at  best,  only  a  very  rough  estimate  of  iia 
antineuritic  value.  Nevertheless,  if  the  antineuritic  vitamine 
had  been  considerably  destroyed  by  the  prolonged  heat  treat- 
ment employed  in  the  evaporation  processes,  it  would  have  been 
evidenced,  we  believe,  by  a  slower  growth  rate  of  the  ftnimala 
fed  the  evaporated  milk  ration. 

We  have  been  unable  also  to  obtain  data  indicating  that  the 
fat-aoluble  vitamine  is  appreciably  affected,  if  at  all,  by  the 
heat  treatment  of  milk.  The  addition  of  butter  oil  (2  gm.  per 
100  cc.  of  diluted  milk)  was  without  effect  in  stimulating  growth 
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Cbabt  6.  AnimalB  fed  purified  rations  in  which  evaporated  miUc  (100  cc 
during  Period  2),  Group  1,  and  fresh  milk  (200  cc.  during  Period  2),  Group 
2,  respectively,  supplied  the  only  water-soluble  vitamine  made  comparable 
growth  gains. 

in  the  stunted  animftla  fed  the  superheated  (evaporated)  milk. 
A  comparison  of  the  growth  curves  of  animals  fed  a  purified  ration 
in  which  the  fat-soluble  vitamine  was  supplied  very  largely  by 
2  per  cent  of  milk  fat  from  evaporated  milk  (28  cc.  per  100  gm.  of 
ration),  and  fresh  milk  (56  cc.  per  100  gm.  of  ration),  respectively, 
gave  no  evidence  of  the  destruction  of  this  vitamine  (Chart  7). 
During  the  period  of  investigation  both  groups  have  made  oormal 
growth  gains,  and  in  neither  has  there  been  any  indication  of 
xerophthalmia.  The  purified  ration  for  these  particular  groups 
was  prepared  from  casein  obtained  from  centrifuged  milk.  This 
was  not  ether-extracted,   nor  was  the  wheat  embryo  used  as 
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the  source  of  the  water-soluble  vitaraiQe  extracted  previous  to 
the  alcoholic  treatment.  It  is  ob\iou8,  therefore,  that  somewhat 
more  than  2  per  cent  of  butter  fat  was  being  fed.  But  since  it 
has  been  shown  that  5  per  cent  is  essential  for  normal  growth," 
it  was  believed  that  if  a  considerable  destruction  of  the  butter 
fat  had  taken  place  in  the.  superheated  milk  it  would  be  made 
apparent  by  the  comparative  study. 

The  addition  of  both  vitamines — the  water-soluble  and  the 
fat-soluble — produced   no   growth   stimulation   in   the  stunted 
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Chart  7.  Growth  currea  of  aniinnls  fed  purified  rations  in  which  the  fat- 
soluble  vitamine  was  aupplied  by  2  per  cent  of  fat  from  evaporated  milk 
(Group  1),  and  fresh  milk  (Group  2).  In  these  rations  the  casein  and 
wheat  embryo  which  furnished  the  extract  containing  the  water-soluble 
vitamine  were  not  ether-extracted. 

animals  fed  the  evaporated  milk.  If  either  of  these  vitamines 
was  affected  by  the  methods  of  heating,  it  was  not  indicated  by 
our  investigation. 

The  insoluble  precipitate  on  the  sides  and  in  the  bottom  of 
some  of  the  cans  of  evaporated  milk  used  in  the  investigation 
suggested  that  the  inorganic  constituents,  in  part  at  least,  might 
be  responsible  for  our  growth  failures.  It  is  well  known  that 
boiling  brings  about  changed  relations  in  the  inorganic  complexes 
of  the  milk,  resulting  in  an  increase  of  the  insoluble  calcium  and 


"McCollum,  E.  v.,  and  Davis,  M.,  /.  Biol.  Chen 
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magnesium  salts,  especially  the  calcium  phosphates,"  at  the 
expense  of  the  soluble  forms.  But  all  evidence  in  stock  feeding, 
at  least,  points  to  the  conclusion  that  these  di-  and  tri-basic 
salts  are  available.  Bone  ash  and  precipitated  calcium  phos- 
phate are  usual  additions  to  certain  types  of  farm  rations.'*  The 
additions  of  mono-basic  and  di-basic  calcium  phosphate,  respec- 
tively, to  our  milk  foods  were  without  significant  iufiuence.  The 
mono-basic  salt  was  apparently  distasteful,  for  when  this  was 
added  very  little  of  the  milk  was  eaten.  With  the  di-baaic 
phosphate  somewhat  better  results  were  obtained,  but  growth  was 
still  considerably  below  normal.    When   calciim[i  lactate   was 
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Chart  8.  The  addition  oF  calcium  lactate  to  milk  brought  slowly  (35 
minutes)  to  the  boiling  point,  stimulated  growth  (Period  2).  The  rate 
of  growth,  however,  ie  considerably  less  than  the  optimum. 

added  to  the  milk  brought  slowly  to  the  boiling  point,  growth 
was  stimulated  in  animals  previously  stunted  on  this  milk  alooe 
{Chart  8).  Furthermore,  young  animals  fed  both  the  long  heat- 
treated  milk,  and  the  superheated  milk  (evaporated)  to  which 
calcium  lactate  (approximately  0.77  gm.  per  100  cc.  of  milk)  was 
added  from  the  beginning,  made  fairly  satisfactory  growth  %w&\ 
and  in  a  number  of  cases  young  were  bom  (Charts  9  and  10). 
Very  occasionally  we  succeeded  in  raising  a  few  of  a  second  gen- 
eration.   However,  the  number  of  young  which  we  failed  to 

'» BvU.  Hyg.  Lab.,  U.  S.  P.  H.  No.  66,  1909,  2nd  edition,  646. 
"  Henry,  W.  A.,  and  Morrison,  F.  B.,  Feeds  and  feeding,  Madison, 
16th  edition,  1916,  66. 
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raise,  and  the  fact  that  our  first  generation  was  somewhat  below 
the  accepted  standard  for  well  nourished  rats,  suggested  that 
calcium  lactate  only  in  part  made  up  the  deficiency  produced  by 
the  heat  treatment  of  milk.  The  additions  of  considerably  larger 
amounts  of  calcium  lactate  produced  no  better  results. 
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Chabt  9.  These  aaimala  were  fed,  from  the  beginning  of  the  ezperi- 
mental  period,  milk  brought  slowly  to  the  boiling  temperature,  to  which 
calcium  lactate  was  added. 
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Chart  10.  The  addition  nf  calcium  lactate  to  evaporated  milk  pro- 
duced much  better  growth  than  evaporated  milk  alone.  In  some  cases 
young  were  born;  a  few  lived  through  the  Buckling  period. 


It  seemed  probable  that  our  lack  of  success  with  the  dicalcium 
phosphate  might  have  been  due  to  the  fact  that  enough  of  the 
salt  could  not  be  dissolved  in  the  milk  to  meet  the  needs  of  the 
experimental  animals,  therefore  the  more  soluble  calcium  glycero- 
phosphate was  tested.    The  substitution  of  this  for  the  calcium 
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lactate  stimulated  growth  (Chart  11,  Group  1).  By  incorporat- 
mg  the  caelum  glycerophosphate  in  a  paste  of  diluted  evaporat«d 
mUk  and  com-starch,  our  results  were  even  more  successful. 
The  growth  curves  of  these  animals  (Chart  11,  Group  2)  were 
quite  similar  to  those  of  animals  fed  milk  boiled  1  minute.  With 
our  calcium  glycerophosphate  additions  young  rats  have  grown 
to  maturity  and  reproduced  at  a  comparatively  early  age.  This 
is  the  first  time  in  our  many  experiments  with  long  heat-treated, 
or  superheated  milk  that  we  have  been  able  to  secure  results  at 
aU  comparable  with  those  obtained  on  raw  milk  (Chart  12)  cf 
milk  brought  quickly  to  the  boiling  point  (Chart  1). 
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Chart  11.  The  subBtitution  of  calcium  glycerophosphBite  for  cilcior^^ 
lactate  in  the  diet  of  rats  fed  slowly  heated  milk  stimulated  powtl^ 
(Group  I). 

Calcium  glycerophosphate  added  to  evaporated  milk  produced  normal 
growth  curves.    Young  were  born  at  a  comparatively  early  age  (Group  2).'^ 

Evaporated  milk  supplemented  with  tricalcium  phosphate  in  a  stucb  -* 
paste  produced  equally  good  growth  (Group  3). 


As  has  been  stated,  all  evidence  in  the  literature  is  to  the 
effect  that  tricalcium  phosphate  when  fed  to  stock  is  available. 
Do  rats  differ  from  farm  animals  in  being  unable  to  utilize  this 
tri-basic  salt?  In  order  to  determine  this  we  fed  evaporated 
milk  (Brand  A),  and  supplemented  this  with  the  insoluble  s^ 
incorporated  in  a  starch  paste.  The  growth  of  these  animals 
(Chart  11,  Group  3)  is  superior  to  that  of  any  of  our  milk-fed  rata, 
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and  leaves  no  doubt  concerning  the  availability  of  this  tri-bamc 
salt. 

Why  then  did  our  nnimols  fail  to  grow  on  the  long  heat-treated 
and  evaporated  milk?  Two  possibilities  suggest  themselves. 
In  the  process  of  condensing,  a  certain  amount  of  the  calcium 
phosphate  is  precipitated  and  may  be  discarded  as  waste,  although 
in  the  published  analyses"  there  is  no  evidence  that  such  has 
been  the  case.  It  is  also  possible  that  some  of  the  insoluble  mate- 
rial settled  to  the  bottom  of  the  feeding  containers  and  was  not 
taken  by  the  animals.  Rats  fed  the  diluted  evaporated  milk 
(Brand  A)  thickened  with  com-starch  made  practically  normal 


b^— 

LJfi 

LO^ 

IV£ 

D/L 

n 

■^  R 

V' 

ULI 

f 

n 

^ 

/ 

"' 

/ 

/, 

^ 

,j 

/ 

/, 

in 

m 

1 

- 

i 

'  f. 

^7- 

•" 

y 

A 

/ 

/ 

^^ 

^/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/' 

'/ 

/. 

/ 

/ 

/ 

/ 

/ 

f/ 

/ 

r 

/ 

/j 

/ 

'/ 

/i 

/ 

4 

A 

y 

\L^ 

Chart  12.  Growth  curves  of  first  generation  rats  fed  raw  milk. 

growth  gains  during  the  8  weeks  of  the  investigation  (Chart  5, 
Group  1),  A  comparison  of  these  curves  with  those  of  our 
animals  on  the  unthickened  evaporated  milk  suggests  that  the 
growth  failures  of  our  animals  on  the  evaporated  milk  were  due 
to  the  fact  that  the  insoluble  calcium  phosphate  in  the  diluted 
milk  settled  out  and  was  not  eaten. 

Can  the  nutritive  failures  of  oiu-  animals  fed  the  long  treated 
milk,  that  is  the  milk  brought  slowly  to  the  boiUng  point,  and 
the  pasteurized  milk,  be  similarly  accounted  for?  In  these  we 
have   never  been    conscious  of    any   considerable   precipitate, 

u  Sherman,  H.  C,  Chemistry  of  food  and  nutrition,  New  York,  2ud 
edition,  191S,  424. 
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although  slight  precipitates  were  frequently  observed  on  the  sides 
and  bottom  of  the  containers  in  which  the  milks  were  heated. 
In  order  to  test  tliis  point,  animals  previously  stunted  as  the 
results  of  pasteurized  milk  feeding  were  given  in  addition  the 
tricaicium  phosphate  starch  paste.  As  in  the  case  of  the  evap- 
orated milk-fed  rats  growth  was  immediately  stimulated  {Ch«1. 
3),  su^csting  that  in  the  "hold"  process  of  pasteurization  the 
inpolubihty  of  the  calcium  salts  was  responsible  for  the  growth 
failures.  When  the  bottles  in  which  the  milk  was  pasteurized 
were  carefully  washed  out  with  distilled  water  and  the  washings 
incorporated  in  a  starch  paste,  the  animals  made  better  gains 
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Chart  13.  Long  beat-treated  milk  made  into  a  paste  abo  produced 
growth  superior  to  that  of  the  long  heat-treated  milk  alone  (Group  1), 

The  washings  from  the  contaiuers  in  which  the  milk  was  pasteuriied, 
whea  added  to  the  pasteurized  milk  in  the  form  of  a  paste,  produced 
better  growth  than  the  pasteurized  milk  alone  (Group  2). 

than  on  the  pasteurized  milk  alone  (Chart  13,  Group  2).  Sim- 
ilarly, our  animals  fed  long  heat-treated  milk  incorporated  into 
a  paste  made  normal  growth  gains  (Chart  13,  Group  1).  In 
both  these  cases  the  results  can  be  explained  only  by  the  fact  that 
the  calcium  phosphates  were  held  in  suspension  by  the  colloidal 
solution  and  therefore  were  made  available. 

The  growth  of  the  animals  fed  the  thickened  heat-treated 
milk  suggested  an  explanation  for  our  results  with  the  condensed 
milk.  This  milk,  it  will  be  recalled,  is  of  a  thick,  semisolid  con- 
sistency, and  in  our  experiments  it  happened  that  thiB  was  fed 
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undiluted.  Any  insoluble  calcium  salts  formed  during  the  con- 
densing process,  therefore,  were  held  in  suspension.  The  thick 
mixture  made  it  possible  for  the  animals  to  get  all  the  calcium 
phosphates  present. 

The  explanation  for  the  results  obtained  in  the  previous  inves- 
tigation* following  the  addition  of  egg  yolk  and  casein  to  the 
long  heat-treated  milk,  is  now  apparent.  Both  of  these  materials 
furnished  appreciable  amounts  of  calcium  and  phosphorus — 
substances  which  have  been  shown  to  be  deficient  in  long  heat- 
treated  milk. 

The  results  of  all  our  experiments  on  the  long  heat-treated  milks 
point  to  the  same  conclusion;  namely,  that,  in  the  process  of 
heating,  the  calcium  salts  are  rendered  more  or  less  insoluble, 
depending  upon  the  length  of  time  the  milk  is  heated.  In  this 
insoluble  form  they  may  be  lost,  owing  to  the  fact  that  some  of 
the  precipitated  material  adheres  to  the  container,  as  in  the  case 
of  long  pasteurized  or  slowly  heated  milk,  while  some,  for  example 
in  evaporated  milk,  separates  out  on  standing.  When  especial 
care  was  taken  to  include  the  insoluble  material  by  colloidal 
suspension,  results  comparable  to  those  on  raw  and  quickly 
boiled  milk  were  obtained.  We  have  secured  no  data  indicating 
that  either  the  fat-soluble  or  the  water-soluble  vitamine  in  milk 
is  affected  by  heat  treatment.  Nor  is  the  casein  apparently 
affected.  Rats  fed  superheated  milk  supplemented  with  calcium 
phosphate  properly  incorporated  made  normal  growth  gains. 
The  inferior  growth  of  rats  on  the  long  heat-treated  and  super- 
heated milk  appears  to  be  due  wholly  to  the  readjustments  of 
th^  inorganic  complexes. 

The  application  of  these  findings  to  infant  nutrition  is  now 
under  investigation. 


BIOCHEMICAL  STUDIES  ON  MARINE  ORGANISMS. 

II.  THE  OCCURRENCE  OF  ZINC. 

By  MEYER  BODANSKY. 

(Pram  the  Laboratory  of  Biological  Chemistry  of  the  School  of  Medicine, 

University  of  Texas,  Galveston.) 

(Received  for  publication,  August  25,  1920.) 

Our  knowledge  concerning  the  normal  occurrence  of  zinc  in 
animal  tissues  has  been  very  limited  until  quite  recently.  The 
earlier  investigators  demonstrated  that  traces  of  zinc  might  be 
found  in  toxicological  analyses  in  the  absence  of  poisoning  by 
this  metal.  Raoult  and  Breton  (1877)  reported  four  analyses  of 
himian  livers  in  which  the  zinc  content  varied  between  10  and 
76  mg.  per  kilo.  Lechartier  and  Bellamy  (1877)  made  similar 
analyses,  and  in  addition  reported  the  presence  of  this  metal  id 
the  muscle  and  liver  of  an  ox,  and  in  wheat,  com,  barley,  and 
other  grains.  The  researches  of  Javillier  (1908,  a)  established  the 
widespread  occiurence  of  zinc  in  the  plant  kingdom. 

More  recently,  the  investigations  of  Weitzel  (1914),  Rost  and 
Weitzel  (1919),  Delezenne  (1919),  and  Rost  (1920)  have  contrib- 
uted toward  a  fuller  appreciation  of  the  significance  of  this  prob- 
lem. Birckner  (1919)  estimated  the  zinc  content  of  a  number  of 
food  products  and,  because  of  its  constant  occurrence  in  the 
yolk  of  eggs  as  well  as  in  cow's  and  human  milk,  he  was  led  to 
infer  that  the  element  zinc  exerts  an  important  nutritive  function. 

Marine  animals  are  of  especial  iuterest  in  this  respect.  Brad- 
ley (1904)  and  Mendel  and  Bradley  (1905)  discovered  zinc  to  be 
a  normal  constituent  of  the  liver  and  the  blood  of  the  moUusks 
Sycotypits  canaliculaius  and  FuLgar  carica.  Various  other  marine 
animals,  including  some  of  the  most  common  moUusks  and 
Crustacea  of  the  Long  Island  coast,  were  examined  for  zinc,  but, 
with  the  exception  of  Urosalpinx  dnerea,  no  appreciable  amoimts 
of  the  element  could  be  found.  Mendel  and  Bradley  expressed 
their  belief,  however,  that  other  marine  forms  may  contain  this 
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element  in  their  tissues.  Phillips  (1917)  analyzed  the  mineral 
content  of  the  tissues  of  certain  Tortugas  marine  organisms  and 
found  zinc  in  all  except  the  crayfish  blood.  He  postulated  that 
zinc  must  be  considered  as  a  normal  constituent  in  these  forms 
since  the  possibility  of  contamination  of  the  sea  water  was  ex- 
cluded. Recently  Hiltner  and  Wichmann  (1919)  determined  the 
zinc  content  of  oysters  from  various  sources  and  on  the  basis  of 
their  results  concluded  that  zinc  is  present  imiversally  in  oysters, 
or,  at  any  rate,  in  those  grown  in  Atlantic  waters  along  the  coast 
of  the  United  States. 

The  indications  are  that  zinc  is  a  physiological  constituent  of 
animal  and  vegetable  tissue  and  its  presence  in  large  quantities 
in  some  invertebrates  may  signify  that  it  playB  an  important 
r61e  in  these  forms.  In  view  of  these  considerations,  and  because 
of  the  paucity  of  information  on  this  subject,  it  was  thought 
desirable  to  investigate  the  zinc  content  of  a  fairly  large  nimiber 
of  marine  animals,  including  the  higher  fishes,  and  to  determine, 
if  possible,  the  distribution  of  this  metal  in  their  tissues. 

EXPEKIMENTAL. 

In  the  determination  of  zinc  the  filtrates  from  the  copper  esti- 
mations, previously  reported  by  Rose  and  Bodansky  (1920), 
were  used.  The  zinc  was  precipitated  as  the  sulfide  in  a  solution 
acid  with  citric  acid.  The  turbidimetric  procedure  employed  by 
Birckner  (1919)  was  followed.  The  reagents  used  in  this  work 
were  carefully  tested  for  zinc.  That  no  contamination  resulted 
from  the  glassware  and  other  apparatus  was  ascertained  by 
making  several  blank  determinations.  In  no  instance  was  zinc 
detected. 

The  sensitiveness  and  limitations  of  the  turbidimetric  com- 
parison are  amply  discussed  by  Birckner  (1919).  Since  a  slight 
error  in  reading  turbidities  is  inherent  in  the  method,  and  since 
frequently  in  our  work  only  a  small  portion  of  the  total  volume 
was  taken  for  comparison,  there  is  the  possibility  of  an  error 
being  multipUed  many  times. 

In  Table  I  are  recorded  comparative  data  for  the  turbidi- 
metric method  and  the  gravimetric  procedure  as  employed  by 
Jamieson    (1919)   for  the  estimation  of  zinc  in  gelatin.    The 
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results  obtained  .demonstrate  the  applicability  of  the  method  to 
the  estimation  of  such  quantities  of  zinc  as  were  encountered  in 
our  work.  It  should  be  stated  that  the  turbidities  produced  by 
0.2  to  0.3  mg.  of  zinc  can  be  compared  with  the  greatest  degree  of 
accuracy. 

Five  samples  of  oysters  and  one  of  clams  obtained  at  different 
times  and  from  different  sources  were  all  found  to  contain  zinc. 
The  amount  present  in  the  oysters  varied  between  188.5  and  341.0 
mg.  per  kilo,  the  average  being  259.9  mg.  (Table  II).  These  re- 
sults are  in  accord  with  the  findings  of  Hiltner  and  Wichmann 

TABLE  I. 
Comparison  of  the  Turbidimetric  and  Gravimetric  Methods, 


Zinc  found. 

Sample  No. 

Zinc  in  sample. 

Gravimetric  method. 

Turbidimetric  method. 

mg. 

mg. 

mg. 

1 

0.10 

0.12 

2 

0.30 

0.28 

3 

0.50 

0.49 

4 

1.00 

0.76 

0.96 

5 

2.50 

2.56 

2.50 

6 

5.00 

5.06 

5.20 

7 

10.00 

9.69 

9.75 

8 

15.00 

15.64 

15.50 

9 

20.00 

20.34 

20.50 

C1919)  and  serve  to  establish  the  occurrence  of  zinc  not  only  in 
oysters  grown  in  Atlantic  waters,  but  in  those  grown  in  the  Gulf  of 
Mexico  as  well.  It  is  probably  safe  to  assmne  that  zinc  is  an 
ever  occurring  constituent  of  the  oyster. 

There  is  indeed  very  little  information  concerning  the  zinc 
content  of  sea  water.  Dieulafait  (1880)  reports  that  the  waters 
of  the  Mediterranean  normally  contain  at  least  2  mg.  of  zinc  in  a 
cubic  meter.  Hiltner  and  Wichmann  (1919)  report  an  analyids 
of  a  sample  of  sea  water  taken  from  Great  South  Bay,  1  mile  off 
shore  from  West  Sayville,  New  York,  in  which  no  zinc  was  detec- 
table in  3,500  cc.  A  sample  of  water  from  the  Gulf  of  Mexico 
taken  about  30  feet  from  the  Galveston  shore  contained  0.0073 
mg.  per  kilo.    This   figure   is   considerably   higher  than   that 


TABLE  II. 

Zinc  Content  of  Marine  Animtdt. 


i 

-"■ 

1 

Found 

,m,'of 

Rammila. 

"5 

S" 

fr»h 

b£ 

■iLiiii.le 

■ub- 

Z 

■Un«, 

am. 

>IW. 

"ff. 

Co'lenterata. 

9 

Jellyfish. 

200.0 

2.50 

12,50 

Entire  animal  ground. 

42 

PortugupBe   maa- 

271.5 

1  22 

4  50 

One  animal  entire. 

44 

o(-war. 
Pelecypoda. 

Sl.O 

1,30 

16  06 

2 

Oysters. 

100  0 

18  85 

188  50 

4 

•' 

100,0 

34  10 

341  00 

31 

" 

100.0 

27.60 

275  00 

Shucked. 

32 

" 

100  0 

24  38 

243.80 

37 

'< 

100  0 

25.11 

261,10 

30 

ClaniB. 
CruBtacea. 

76.6 

5,90 

77.00 

3 

ShrimpB. 

100.0 

1.73 

17,30 

1 

70 

" 

193  5 

3  25 

16  80 

1  Includes  protective  coy- 

5 

Crabs. 

100.0 

2,28 

22.80 

ering. 

10 

Elasmobrancliii. 

100.0 

1  83 

IS  30 

) 

29 

Toiled 0  ray. 

100  0 

033 

3  30 

Three  small  fish  ground 
and  sampled. 

16 

Sting  ray. 

100,0 

039 

390 

Entire  animal  ground 
and  sampled. 

48 

Teleoatomi. 

100.3 

0,60 

3  74 

One  animal  entire. 

6 

Mullet 

100.0 

0  25 

2,50 

15 

" 

100,0 

0.28 

2,80 

17 

Hedfish. 

100.0 

0.28 

2,80 

21 

Dnimflsh  (young). 

86,0 

0.48 

558 

14 

Croaker. 

100 .0 

064 

640 

25 

Whiting. 

100.0 

0  74 

7.40 

30 

Tarpon. 

100,0 

0.76 

7.60 

One  or  lanre  individuals 

19 
23 

Angelfish. 

PigfiHh. 

59.0 
43  3 

0  46 
036 

7  80 

8  40 

thoroughly  ground 
and     mixed      before 

28 

Ycllow-tail. 

94  0 

0  SO 

8  50 

sampling. 

22 

Drumfish    (older 

100  0 

0  96 

9  60 

than  No.  21). 

18 

Spotted  trout. 

100  0 

1.02 

10.20 

12 

Flounder. 

100.0 

1.16 

11  60 

27 

100 -0 

1,69 

IC  90 

24 

Sea-catfish. 

100,0 

9  75 

97.50 

n 

100.0 

12.70 

127,00 

47 

139  0 

20,73 

149.10 

One  animal  entire. 
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given  by  Dieulafait,  and  although  there  is  no  obvious  contamina- 
tion due  to  industrial  wastes,  the  writer  hesitates  to  present 
this  as  being  the  normal  value  for  sea  water.  It  may,  however, 
be  taken  as  the  maximum  for  the  water  in  which  these  animals 
live. 

It  is  therefore  a  striking  phenomenon  that  the  oyster  living  in 
a  water,  not  contaminated  by  industrial  wastes,  should  contain 
in  its  tissues  more  than  35,000  times  as  much  zinc  as  is  present 
in  an  equivalent  weight  of  water.  Apparently  the  oyster  is 
capable  of  absorbing  and  retaining  the  zinc  which  it  obtains  to  a 
slight  extent  perhaps  from  the  water,  but  mainly  from  its  diet  of 
diatoms.  Infusoria,  minute  Crustacea,  etc. 

A  dialysis  experiment  was  undertaken  to  determine  the  nature 
of  the  combination  of  zinc  with  the  tissues  of  the  oyster.  Finely 
ground  oysters  weighing  87.5  gm.  and  containing  21.97  mg.  of 
zinc  were  dialyzed  through  a  parchment  bag  for  96  hours  under 
aseptic  conditions.  The  water  was  changed  after  the  first  26 
hours.  10.87  mg.  or  49.5  per  cent  of  the  zinc  were  recovered  in 
the  dialysate.  The  significance  of  this  result  becomes  apparent 
when  it  is  contrasted  with  the  findings  for  copper  obtained  under 
similar  conditions  by  Rose  and  Bodansky  (1920).  In  the  copper 
experiment  0.5  mg.  or  12.2  per  cent  of  the  total  Cu  appeared  in 
the  dialysate.  The  zinc  may  be  present  far  in  excess  of  its  com- 
bining power  with  the  proteins  of  the  tissue,  or  it  may  exist  in 
part  in  a  loosely  combined  state  which  is  disintegrated  during 
dialysis. 

In  order  to  determine  the  distribution  of  zinc  in  the  03rster, 
525  gm.  were  introduced  into  10  per  cent  formaldehyde  solution  for 
24  hours  and  dissected  into  four  fractions:  (a)  digestive  glands  or 
hepatopancreases,  (6)  mantles,  (c)  adductor  muscles,  and  (d) 
other  parts  including  the  gills  which  we  have  called  the  **  resi- 
due.'' The  formaldehyde  solution  was  analyzed  separately.  This 
experiment  was  later  repeated  on  300  gm.  of  oysters  without  the 
formaldehyde  treatment.  The  results  are  summarized  in  Tables 
III  and  IV.  As  will  be  observed  the  zinc  is  distributed  rather 
evenly  in  the  digestive  organ,  mantle,  and  gills.  The  zinc  content 
of  the  muscle  is  considerably  lower  than  that  of  the  other  tissues. 
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TABLE  III. 

Distribution  of  Zinc  in  Oysters,  Hardened  in  10  Per  cent  Formaldehyde  for  24 

Hrs.  Previous  to  Dissection. 

1 
! 

Zinc. 

Fraction.                                I        Weight. 

1 
1 

Found  in 
sample. 

In  1,000  gm. 
tissue. 

Disestive  slands 

gm. 

80.0 
141.7 

70.3 
206.0 

mg. 
19.00 

37.84 

11.25 

55.50 

6.50 

mg. 

237.50 

Mantles 

267.00 

Muscle 

160.00 

"Residue" 

269.40 

Formaldehyde  extract 

Total 

498.0* 

130.09t 

*  525  gm.  of  oysters  were  dissected.  The  diflference  of  27  gm.  repre- 
sents the  water  which  passed  into  the  formaldehyde  and  that  which  was 
lost  during  the  dissection. 

t  Calculated  on  the  basis  of  525  gm.,  this  is  equivalent  to  247.8  mg.  of 
zinc  per  kilo. 


TABLE  IV. 

Dittribuiion  of  Zinc  in  Oysters,  Dissected  withotU  Previous  Formaldehyde 

Treatment. 


Fraction. 


Digestive  glands. 

Mantles 

Muscle 

''Residue" 


Weight. 


gm. 

56.7 

81.0 

38.5 

102.0 


Total. 


281. 2* 


Zinc. 


Found  in 
sample. 


mg. 

11.10 

18.38 

2.94 

19.50 


51.92t 


In  1.000  cm. 
tissue. 

mg. 

196.00 

218.80 

76.40 

191.20 


•  300  gm.  of  oysters  were  dissected.  The  diflference  of  18.8  gm.  repre- 
sents the  water  which  was  lost  during  the  dissection. 

t  Calculated  on  the  basis  of  300  gm.,  this  is  equivalent  to  173.1  mg.  of 
zinc  per  kilo. 

The  two  coelenterates  examined,  the  jelhiish,  Aurelia,  and  the 
Portuguese  man-of-war,  Physaliay  contained  from  4.50  to  16.05 
mg.  of  zinc  per  kilo  of  moist  tissue. 


M.  Bodansky  405 

Anal3n9es  were  made  of  two  species  of  Crustacea,  the  crab  and 
the  shrimp.  The  meats  and  hulls  of  200  gm.  of  shrimps  were 
analyzed  separately.  The  meats  weighing  104.5  gm.  contained 
1.40  mg.  of  zinc;  the  hulls  weighing  89.0  gm.  contained  1.85  mg. 
of  zinc.  In  terms  of  mg.  per  kilo  of  tissue,  the  meats  and  hulls 
had  13.5  and  20.8,  respectively.  6.5  gm.  of  water  were  lost  in 
separating  the  hulls  from  the  meats. 

Fourteen  species  of  fish  including  two  elasmobranchs,  the 
torpedo  ray  and  the  sting  ray,  were  analyzed.  Zinc  was  found 
in  all,  and  the  amount  varied  between  2.5  mg.  per  kilo  in  the 
mullet  and  149.1  mg.  in  the  catfish.  The  catfish  holds  a  unique 
position  among  the  teleosts  examined,  in  that  its  content  of  zinc 
is  entirely  out  of  proportion  to  that  found  in  any  other  species. 
In  an  extensive  research,  Delezenne  (1919)  established  the  occur- 
rence of  large  quantities  of  zinc  in  the  venom  of  snakes.  The 
catfishes  Siluridce  possess  poison  glands  opening  on  the  spine  of 
the  pectoral  fin  (Parker  and  Has  well,  1897).  In  preliminary 
experiments  to  determine  the  rdle,  if  any,  of  zinc  in  the  catfish, 
the  possibiUty  of  the  high  zinc  content  being  in  some  way  asso- 
ciated with  the  poison  glands  was  not  overlooked.  The  fins 
including  the  poison  glands  of  two  small  catfish  were  analyzed 
separately  from  the  remaining  tissue.  The  fins,  weighing  14  gm. 
contained  only  0.0667  mg.  of  zinc,  or  4.76  per  kilo.  The  remain- 
ing tissue,  weighing  125  gm.,  contained  20.67  mg.  of  zinc,  or 
165.36  mg.  per  kilo.  No  information  concerning  the  r6le  of  zinc 
in  the  catfish  is  adduced  from  this  experiment. 

Whether  the  presence  of  comparable  quantities  of  zinc  is  char- 
acteristic of  other  species  of  catfish  remains  to  be  determined. 
Although  there  is  the  possibiUty  that  in  this  species  zinc  may 
have  a  special  and  yet  undetermined  function,  it  is  probable  that 
the  high  zinc  content  is  due  -^o  the  peculiar  feeding  habits  of  the 
animal.  Investigations  have  shown  that  moUusks  constitute  an 
important  article  of  the  food  for  the  catfish  (Kendall,  1910). 
Attention  should  be  called  to  the  fact  that,  whereas  the  catfish  is 
high  in  zinc,  only  traces  of  copper  have  been  detected  in  the 
individuals  thus  far  examined  by  Rose  and  Bodansky  (1920). 

The  constant  occurrence  of  zinc  in  every  species  analyzed  indi- 
cates that  it  is  a  physiological  constituent  of  the  tissues  of  marine 
animals.     With  the  exception  of  the  catfish,  the  amounts  vary 
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between  2.5  and  16.9  mg.  per  kilo  in  the  teleosts,  being  con- 
siderably higher  than  the  figures  previously  reported  for  copper. 
The  presence  of  zinc  in  these  proportions  is  not  limited,  however, 
to  marine  animals,  for  various  articles  of  food  contain  comparable 
quantities  of  this  element,  and  much  larger  amounts  may  be 
present  in  the  tissues  of  terrestrial  vertebrates  (Rost,  1920). 
Mendel  and  Bradley  (1906-07)  showed  that  zinc  in  Sycotypus 
canaliculatus  is  an  essential  constituent  of  the  respiratory  protein 
which  they  named  **hemosycotypin,''  and  which  is  analagous  to 
the  hemocyanins.  In  the  oyster  and  the  clam  zinc  may  possibly 
have  a  similar  function.  In  other  marine  animals,  however,  the 
biological  significance  of  zinc  is  less  apparent  or  entirely  obscure. 
The  favorable  stimulatory  influence  of  minute  quantities  of 
zinc  on  the  growth  of  AspergiUtis  niger  was  observed  by  Raulin 
(1870).  Javillier  (1907,  1908)  confirmed  and  extended  Raulin's 
work  and  demonstrated  (1912)  that  in  the  growth  of  Sterigma" 
tocystis  nigra  no  other  element  could  replace  zinc.  Cadmium 
alone  produced  measurable  stimulatory  effects,  and  since  this 
element  bears  many  chemical  resemblances  to  zinc,  Javillier 
justly  concludes  that  the  physiologicft^l  action  of  zinc  is  specific. 
The  specificity  and  similarity  in  behavior  of  Zn  and  Cd  ions  on 
the  enzymatic  activity  of  yeast  have  been  reported  by  Kostychev 
and  Zubkova  (1916).  Delezenne  (1919)  also  associates  zinc 
mth  the  activity  of  enzymes.  Significant  as  these  resiilts  are,  no 
generaUzations  can  be  made  concerning  the  r61e  of  zinc  in  the 
tissues  oif  marine  vertebrates  until  more  information  becomes 
available. 

SUMMARY. 

1.  Zinc  has  been  found  and  quantitatively  determined  in 
twenty  species  of  marine  animals.  The  constancy  of  its  occur- 
rence indicates  that  it  is  a  normal  constituent  of  the  tissues  of 
these  forms. 

2.  In  the  oyster  zinc  is  distributed  rather  imiformly  in  the 
•digestive  organ,  mantle,  and  gills,  but  the  muscle  contains  less 
zinc  than  do  the  other  tissues. 

3.  On  dialysis  of  finely  ground  oysters  for  96  hours,  49.5  per 
cent  of  the  zinc  was  recovered  in  the  dialysate.  The  zinc  may  be 
present  in  excess  of  its  combining  power  with  the  proteins  of  the 
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tissue,  or  it  may  exist  in  part  in  a  loosely  combined  state  which 
is  disintegrated  during  dialysis. 

In  conclusion  the  writer  wishes  to  express  his  indebtedness  to 
Professor  William  C.  Rose  of  this  Laboratory  at  whose  suggestion 
and  imder  whose  guidance  this  work  was  done. 
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URINE. 
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In  the  present  paper  is  presented  a  review  of  the  literature  on 
which  is  founded  our  knowledge  of  the  phenolic  substances  in 
the  urine,  a  survey  of  the  various  methods  for  determining  the 
amount  of  volatile  phenols  in  the  urine,  and  an  investigation  of 
Folin  and  Denis'  colorimetric  method  for  the  estimation  of  the 
total  phenolic  substances  (1). 

There  is  some  confusion  in  the  Uterature  as  to  the  meaning  con- 
veyed by  the  word  phenol.  In  the  older  literatiure  the  word  was 
used  as  meaning  volatile  phenols,  but  since  the  appearance  of 
Folin  and  Denis'  method  it  has  been  largely  used  to  designate  all 
the  phenolic  substances.  These  include  volatile  and  non-volatile 
phenols  and  aromatic  oxy-acids.  The  former  are  a  group  of 
compounds  characterized  by  a  benzene  ring  in  which  one  or  more 
of  the  hydrogen  atoms  have  been  replaced  by  a  hydroxyl  group, 
to  which  they  owe  their  specific  character.  The  latter,  the  aro- 
matic oxy-acids,  have  a  carboxyl  group  in  addition  to  the  bensene 
ring  and  free  hydroxyl  group.  In  this  paper  the  term  phenol 
,  will  be  restricted  to  the  compound  having  the  formula  CaH&OH. 
The  aromatic  oxy-acids  usually  found  in  urine  are  p-oxyphenyl- 
propionic  acid  (hydro-p-cumaric  acid),  p-oxyphenylacetic  acid,  * 
and  p-oxy benzoic  acid;  the  volatile  phenols  are  p-cresol  and 
phenol;  and  there  may  be  normally  present  one  non-volatile 
phenol,  pyrocatechin.  All  these  substances  have  their  origin 
from  the  amino-acid  tyrosine.^ 

*  From  the  chemical  standpoint  tyrosine  might  very  properly  be 
regarded  as  belonging  to  the  phenolic  group  of  substances,  but  from  the 
metabolic  standpoint  it  is  preferable  that  it  should  not  be  included  in  this 
group.    There  may  also  be  other  compounds  in  the  urine  which  are  pro- 
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p-Oxyphenylpropionic  p-Oxyphenylacetic 
Tyrosine.                              acid.  acid. 

OH  OH  OH 

/\  /\  X\ 
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CH,                                 CH,  CH, 

CHNH,                           CH,  COOH 
COOH                            COOH 

p-Cresol.  p-Oxybenzoic  acid.  Phenol. 

OH                                  OH  OH 


COOH 

Pyrocatechin. 
OH 


OH 

Volalile  Pfienols. 

Phenol  was  first  discovered  in  horse,  cow,  and  human  urine  by 
Stadeler  (3)  in  1851.^  He  identified  phenol  and  a  substance 
which  he  called  "Taurylsaure"  which  was  later  shown  to  be 

duced  during  the  metabolism  of  tyrosine  by  the  body,  which  could  prcqp- 
erly  be  included  as  phenolic  compounds.  This  is  certainly  the  case  in  the 
abnormal  condition  of  alkaptonuria,  in  which  homogentisic  acid  is  pro- 
duced. These  compounds  have  been  regarded  by  most  writers  from  the 
metabolic  standpoint  and  not  considered  as  phenolic  bodies.  Folin  and 
Denis  (2)  in  a  brief  review  of  the  literature  state  **Weyl  ....  suc- 
ceeded in  showing  that  putrefactive  bacteria  ....  produce  large  quan- 
tities of  phenols  from  tyrosine,"  and  also  in  considering  the  phenolic 
substances  in  urine  they  say  ''The  most  important  phenol  quantitatively 
is  in  fact  paracresol.  In  addition  there  is  in  urine  some  orthocresol  and 
at  least  two  dioxyl  benzenes  namely  pyrocatechin  and  hydroquinone  as  well 
as  some  aromatic  oxy  acids,  particularly  paraoxybenzoic  acid." 

>  ''Ganx  besonders  uberraschend  war  aber  das  Auftreten  der  Phenyl- 
saure  (Carbolsaure)  die  ich  nicht  allein  im  Ham  der  Herbivoren  sondeni 
auch  in  Menschenham  aufgefunden  habe." 
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p-cresol.  In  1867  Schnltzen  and  Naimyn  (4)  demonstrated  the 
presence  of  phenol  in  human  urine  after  giving  large  doses  of 
benzene  but  were  unable  to  show  its  presence  in  normal  urine. 
Although  Stadeler  had  shown  in  1851  that  phenol  was  present  in 
normal  human  urine,  the  credit  for  this  discovery  has  been  gen- 
erally given  to  Landolt  (5)  who  in  1871  proved  its  presence,  using 
a  comparatively  small  quantity  of  urine. 

The  volatile  phenols  in  human  urine  were  shown  by  Brieger  (6) 
to  be  largely  p-cresol  and  a  small  amoimt  of  phenol.  o-Cresol 
was  not  isolated  directly  but  its  presence  was  inferred  from  the 
finding  of  a  small  quantity  of  saUcyUc  acid  which  is  an  oxidation 
product  of  o-cresol.  The  occurrence  of  o-cresol  in  human  urine 
is  very  doubtful  as  Baumann  (7)  proved  that  the  above  evidence 
was  not  conclusive. 

Stadeler  obtained  phenol  from  urine  by  distilling  with  sulfuric 
acid  and  concluded  that  it  was  present  in  the  free  state.  Buli- 
ginsky  (8)  foimd  no  free  volatile  phenol  on  distilling  fresh  horse 
urine,  but  obtained  a  large  quantity  on  distilling  after  the  addi- 
tion of  a  dilute  mineral  acid.  Hoppe-Seyler  (9)  confirmed  Buli- 
ginsky's  findings  and  hence  it  was  concluded  that  there  was  a 
phenol-forming  substance  in  the  urine  which  liberated  the  volatile 
phenols  on  heating  with  min.eral  acids. 

Further  knowledge  of  the  phenol-forming  substance  was  not 
obtained  imtil  1876.  In  1876  Baumann  (10)  showed  that  after 
precipitating  all  the  sulfates  in  the  urine  a  second  amount  was 
obtained  by  heating  the  urine  with  concentrated  HCl.  He  desig- 
nated these  sulfates  as  ''paired  sulfuric  acid"  (ethereal  sulfates). 
He  (11)  noted  that  the  urine  of  patients  who  had  been  exposed  to 
carbolic  acid  gave  Uttle  or  no  volatile  phenols  on  simple  distilla- 
tion but  a  large  quantity  was  obtained  on  distilling  after  the 
addition  of  HCl.  At  the  same  time  he  foimd  a  marked  increase 
in  the  ethereal  sulfates  and  concluded  from  this  that  the  volatile 
phenols  were  bound  with  sulfuric  acid.  He  verified  his  con- 
clusions by  isolating  from  the  urine  the  potassium  salt  of  the 
phenol  sulfuric  ester. 

Baumann  also  investigated  the  origin  of  the  phenol  sulfuric 
ester  in  the  body  (11).  He  obtained  from  the  liver  of  a  dog 
which  had  been  poisoned  with  carbolic  acid  nineteen  times  more 
phenol  than  in  a  similar  quantity  of  blood.    He  also  observed 
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that  the  quantity  of  sulfates  in  the  liver  whs  not  sufficient  to  have 
united  with  all  the  phenol  found  and  concluded  that  there  was  a 
'second  phenol-forming  subtance.  This  was  later  shown  by 
Sohmiedeberg  (12)  to  be  the  ester  phenol  glucuronic  acid. 

The  source  of  the  volatile  phenols  was  not  known  for  a  long 
time.  It  was  assumed  on  account  of  their  abimdance  in  the 
urine  of  herbiverous  animals  that  they  arose  from  plant  food. 
Schultzen  and  Naimyn  (4)  and  later  Munk  (13)  had  also  demon- 
strated that  phenol  could  be  formed  in  the  body  by  the  oxidation 
of  benzene.  Baumann  (14)  inferred  from  the  observaticm  that 
volatile  phenols  were  foimd  in  the  urine  of  animals  which  had 
been  fed  on  an  exclusive  meat  diet  that  they  did  not  have  their 
origin  from  plant  food  but  from  protein.  He  then  demonstrate 
the  formation  of  a  considerable  quantity  of  phenol  in  the  putre- 
faction of  protein  with  pancreas  and  also  made  the  interesting 
observation  that  phenol  did  not  occur  in  any  quantity  imtil 
about  the  6th  day.  He  assumed  from  this  that  the  phenol  was 
not  formed  directly  from  protein  but  was  a  secondary  or  further 
decomposition  product.  It  was  later  shown  by  Bamnann  and 
Brieger  (16)  that  the  volatile  phenols  formed  by  the  putrefaction 
of  protein  were  largely  p-cresol  and  a  small  quantity  of  phenol. 
The  presence  of  o-cresol  was  inferred  from  the  finding  of  a  small 
quantity  of  salicylic  acid.  Shortly  after  this  Weyl  (16)  demon- 
strated the  formation  of  p-cresol  and  phenol  in  the  direct  putre- 
faction of  tyrosine.  Brieger  (17)  had  already  found  volatile 
phenols  in  feces  and  intestinal  contents. 

A  further  survey  of  the  literature  shows  very  clearly  that  none 
or  only  a  trace  of  the  volatile  phenols  is  produced  by  the  body, 
outside  of  the  intestinal  canal,  except  in  certain  diaeaaes  such  as 
empyema,  er3rsipelas,  pyemia,  putrid  bronchitis,  gangrene,  etc. 
(18,  19).  A  discussion  of  this  aspect  of  phenol  metabolism  will 
not  be  gone  into  beyond  calling  attention  to  the  experiment  of 
Baumann  (20)  in  which  he  gave  a  fasting  dog  calomel  and  found 
that  the  volatile  phenols  disappeared  from  the  mine;  and  also 
to  a  case,  which  he  records  (20),  in  which  the  urine  of  a  patient 
who  was  suffering  from  an  intestinal  fistula  showed  only  a  trace 
of  volatile  phenols.  In  a  similar  case  Ewald  (21)  found  no  vola- 
tile phenols  in  the  urine  but  they  appeared  again  after  the  fistula 
was  closed. 
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The  evidence  is  thus  complete  that  volatile  phenols  in  human 
urine  have  their  origin  in  the  putrefaction  of  tyrosine  in  the 
intestinal  canal.  They  are  then  absorbed  and  conjugated  in  the 
body  with  sulfuric  and  glucuronic  acid  to  be  excreted  in  the 
urine  as  conjugated  volatile  phenols. 

Non-Volatile  Phenols. 

Pyrocaiechin, — The  only  non-volatile  phenol  that  has  been 
foimd  in  normal  human  urine  is  pyrocatechin  (brenzcatechin). 
Ebstein  and  Miiller  (22)  first  demonstrated  its  presence  in  the 
urine  of  a  healthy  child  in  1875.  Baumann  (23)  showed  that  it 
was  a  constant  constituent  of  horse  urine.  He  also  found  a  small 
quantity,  the  amoimt  varying  from  day  to  day,  in  the  urine  of  a 
healthy  12  year  boy  (23)  and  from  this  and  other  observations 
concluded  that  pyrocatechin  was  a  frequent,  if  not  a  normal, 
constituent  of  human  urine. 

Baumann  and  Preusse  (24)  demonstrated  that  pyrocatechin 
was  formed  by  the  oxidation  of  phenol,  and  after  giving  a  dog 
large  quantities  of  phenol  found  that  the  pyrocatechin  in  the  urine 
was  excreted  entirely  in  the  conjugated  state.  The  formation  of 
pyrocatechin  from  phenol  is  thus  seen  to  be  analogous  to  the 
oxidation  of  benzene  to  phenol.  It  is  of  interest  to  note  that 
Nencki  and  Giacosa  (25)  were  able  to  demonstrate  the  presence  of 
both  phenol  and  pyrocatechin  in  the  urine  of  a  man  who  was 
receiving  daily  6  gm.  of  benzene. 

Hydroqmnone. — Hydroquinone  has  not  been  foimd  in  normal 
himian  urine.  Nencki  and  Giacosa  were  able  to  show  the  presence 
of  a  small  quantity  in  the  urine  of  the  above  mentioned  case. 
Baimiann  and  Preusse  (24)  obtained  over  1  gm.  of  hydroquinone 
in  6  days  from  the  urine  of  a  dog,  to  which  phenol  was  given,  it 
being  present  entirely  in  the  conjugated  state. 

Aromatic  Oxy-Acids. 

jhOxyphenyljyropionic  Add, — Baumann  observed   that  in  the- 
putrefaction  of  protein  phenol  did  not  appear  until  about  the 
6th  day  and  concluded  from  this  that  it  was  not  formed  directly 
from  protein  but  through  intermediate  products.     At  the  end  of 
2  days  in  the  putrefaction  of  tyrosine  he  obtained  by  ether  extrac- 
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tion  a  substance  which  he  identified  as  p-oxyphenylpropionic  acid 
(26).  As  an  evidence  of  the  amount  of  p-oxyphenylpropionic 
acid  that  could  be  obtained  in  this  manner  he  isolated  12  gm.  of 
the  pure  acid  from  20  gm.  of  tyrosine  (27).  He  also  obtained  the 
pure  cr>^stals  from  0.5  liter  of  pus  from  a  case  of  peritonitis  (28). 

The  fate  of  p-oxj'^phenylpropionic  acid  in  the  body  was  investi- 
gated (27).  5  gm.  of  pure  acid  were  given  to  a  man  and  the 
urine  for  the  following  day  was  found  to  contain  an  increased 
amount  of  volatile  phenols  and  about  0.8  gm.  of  the  p-oxyphenyl- 
propionic  acid.  It  was  thus  shown  that  on  feeding  p-oxyphenyl- 
propionic  acid  a  large  part  disappeared  in  the  organism,  some 
was  excreted  unchanged,  and  a  smaller  part  was  excreted  as 
volatile  phenols.  Its  presence  in  normal  urine  was  demonstrated 
by  Baumann  (28)  when  he  isolated  the  pure  crystals  from  240 
liters  of  urine. 

p-Oxyphenylacetic  Add, — p-Oxyphenylacetic  acid  was  foimd 
in  the  putrefactive  products  of  serum  albumin  by  Salkowski  (29). 
It  was  first  found  in  normal  urine  by  Baimiann  (27)  and  later  he 
isolated  from  the  above  mentioned  240  liters  of  urine  2  gm.  of 
the  pure  acid.  As  Baumann  did  not  find  p-oxyphenylacetic  acid 
in  demonstrable  quantities  after  feeding  p-oxyphenylpropionic 
acid  (27)  he  concluded  that  it  was  probably  formed  directly  from 
tyrosine  by  splitting  off  CO2  and  NH».  However,  shortly  after 
this  he  showed  the  putrefactive  products  of  p-oxyphenylpropionic 
acid  to  be  p-oxyphenylacetic  acid,  p-cresol,  and  phenol  (28)  and 
concluded  that  p-oxyphenylacetic  acid  could  originate  from  both 
t3rrosine  and  the  p-oxyphenylpropionic  acid.  Weyl  (30)  demon- 
strated that  the  putrefaction  of  p-oxyphenylacetic  acid  in  turn 
produced  p-cresol. 

jhOxyhemoic  Add, — p-Oxybenzoic  acid  was  shown  by  Bau- 
mann (7)  to  be  formed  from  p-cresol.  A  dog  was  given  1  to  2 
gm.  of  p-cresoI  daily,  and  from  the  urine  pure  crystals  of  p-oxy- 
benzoic  acid  were  obtained.  After  feeding  12  gm.  of  p-cresol,  1 
gm.  of  pure  p-oxybenzoic  add  was  isolated.  The  administration  of 
4  gm.  of  p-oxybenzoic  acid  produced  a  considerable  increase  in  the 
amount  of  phenol  in  the  urine.  The  direct  production  of  phenol 
and  CO2  in  the  putrefaction  of  p-oxybenzoic  acid  had  already  been 
shown  by  Baumann  (14). 
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Oxymandelic  Acid  and  Gallic  Add, — There  are  two  other  aro- 
matic oxy-acids  that  should  be  mentioned,  oxymandelic  acid  and 
gallic  acid.  Schultzen  and  Riess  (31)  first  demonstrated  the 
presence  of  the  former  acid  along  with  leucine  and  tyrosine  in 
the  urine  of  cases  of  acute  yellow  atrophy.  It  has  not  been 
foimd  in  normal  urine.  Gallic  acid  is  sometimes  foimd  in  con- 
isiderable  quantities  in  horse  urine  and  is  assumed  to  be  a  constit- 
uent of  the  food  and  not  produced  in  the  body  (32).  Its  occur- 
rence in  human  urine  is  doubtful. 

By  the  above  work  it  has  been  proved  that  p-oxyphenylpro- 
pionic  acid  originates  from  tyrosine  and  in  turn  fonns  p-oxy- 
phenylacetic  acid;  p-oxyphenylacetic  acid  originates  from 
p-phenylpropionic  acid  or  directly  from  tyrosine  and  in  turn 
produces  p-cresol;  and  p-oxy benzoic  acid  is  an  intermediate  pro- 
duct in  formation  of  phenol  from  p-cresol. 

The  aromatic  oxy-acids  differ  in  two  important  respects  from 
the  volatile  and  non-volatile  phenols.  The  first  is  that  they  do 
not  produce  any  toxic  effects  even  in  large  doses.  This  has  been 
repeatedly  shown  throughout  Baumann's  experiments.  The 
second  is  that  they  are  largely  excreted  in  the  free  state  (28) 
while  the  volatile  and  non-volatile  phenols  have  been  shown  to 
occur  almost  entirely  in  the  conjugated  form. 

Methods  far  Estimating  the  Volatile  Phenols. 

Before  1871  no  quantitative  estimations  of  the  volatile  phenols 
were  made.  Their  presence  was  demonstrated  either  by  actually 
i9olating  them  or  by  obtaining  a  dark  violet  color  with  phenol 
and  a  blue  color  with  p-cresol,  on  the  addition  of  ferric  chloride. 
In  1871  Landolt  (5)  estimated  the  volatile  phenols  gravimetri- 
cally  as  tribromophenol.  The  earliest  recorded  figures  by  this 
method  for  the  quantity  of  volatile  phenols  in  human  urine  are 
those  given  by  Mimk  (33).  He  found  from  17  to  61  mg.  per 
day. 

Koppeschaar  (34)  in  1876  devised  the  first  titration  method 
which  consisted  in  adding  to  the  mixture  to  be  estimated  a  known 
excess  of  bromic  acid  and  alkaline  bromide  which  on  the  addition 
of  HCl  furnished  a  definite  amount  of  free  bromine.  This  united 
with  phenol  to  form  tribromophenol  (or  tribromophenolbrom). 
The  amount  of  bromine  used  was  determined  by  adding  potas- 
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sium  iodide,  the  potassiinn  uniting  with  the  remaining  free 
bromine  and  liberating  iodine  which  was  titrated  with  thiosul- 
fate. .  This  method  was  shown  by  Kossler  and  Penny  (35)  to  be 
very  inaccurate  for  the  estimation  of  p-cresol,  the  bromine  taking 
considerable  time  to  unite  with  the  p-cresol  and  then  gradually 
going  on  to  form  a  tetrabromocresol.  On  accoimt  of  this  defect 
the  method  was  of  little  use  in  estimating  the  volatile  phenols  in 
urine. 

Messinger  and  Vortmann  (36)  in  1889  devised  an  iodine  titra- 
tion method  which  has  remained  the  basis  of  all  future  titration 
methods.  .The  procedure  is  as  follows:  An  alkaline  phenol 
(or  p-cresol)  solution  is  warmed  to  about  60°  and  to  it  is  added  a 
known  amount  of  0.1  n  iodine  solution.  The  iodine  unites  with 
the  phenol  to  form  triiodophenol.  The  solution  is  then  cooled, 
acidified  with  dilute  H2SO4,  and  the  excess  of  iodine  titrated  with 
0.1  N  sodium  thiosulfate. 

In  1893  Kossler  and  Penny  (35)  using  Messinger  and  Vort- 
mann's  principle  of  iodine  titration  devised  a  method  for  estimat- 
ing the  volatile  phenols  in  urine.  As  acetone  reacts  with  iodine 
it  was  necessary  to  remove  it  and  this  was  accomplished  by 
making  the  urine  slightly  alkaline  and  evaporating  to  one-fifth 
the  original  volume.  All  former  investigations  had  shown  that 
the  volatile  phenols  occurred  in  the  conjugated  form  so  HsS04 
was  added  and  the  mixture  heated,  with  repeated  additions  of 
water,  until  all  the  volatile  phenols  were  distilled  over.  Other 
interfering  substances  in  the  distillate,  such  as  ammonia,  formic 
acid,  and  nitrous  acid,  were  removed  by  the  addition  of  calcium 
carbonate,  and  the  volatile  phenols  again  distilled.  This  second 
distillate  was  made  alkaline  with  10  per  cent  NaOH  warmed  U> 
60°  and  on  cooling  the  excess  of  iodine  was  titrated  with  sodium 
thiosulfate.  The  amount  of  volatile  phenols  foimd  by  this- 
method  in  normal  human  urine  was  from  70  to  106  mg.  per  day. 

After  being  used  for  some  years  it  was  found  that  Kossler  and 
Penny's  method  gave  exceedingly  high  results  with  urine  from 
diabetics.  The  reason  for  this  was  investigated  by  Neuberg  (37) 
who  showed  that  the  high  results  obtained  by  Kossler  and  Peimy's 
method  were  due  to  the  formation  of  ketone  or  aldehyde  bodies 
formed  in  heating  the  urine  containing  sugar  with  HjSO«.  He 
overcame  this  difficulty  by  precipitating  the  volatile  phenols  id 
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the  first  distillate  as  lead  phenolate  (and  lead  cresolate).  The 
mixture  was  then  heated  and  the  interfering  substances  which 
were  volatile  escaped.  Dilute  H2SO4  was  added  to  the  basic 
lead  phenolate  and  the  second  distillation  and  titration  were 
carried  out  according  to  Kossler  and  Penny's  method.  In  three 
cases  the  amounts  of  volatile  phenols  found  by  this  method  in 
human  urine  were  32,  35,  and  32  mg.  per  day. 

In  1909  Mooser  (38)  demonstrated  that  the  distillation  of 
urine  with  H2SO4  as  carried  out  in  the  former  methods,  while  not 
affecting  phenol,  destroyed  from  20  to  30  per  cent  of  the  p-cresol 
present.  He  overcame  this  difficulty  by  using  in  place  of  HsSOi 
an  equal  amount  of  85  per  cent  phosphoric  acid  which  did  not 
destroy  the  p-cresol.  Phosphoric  acid  also  had  the  added  advan- 
tage of  not  forming  any  interfering  bodies  with  substances  present 
in  the  mine  and  this  obviated  the  necessity  of  precipitating  the 
volatile  phenols  as  lead  phenolate.  Mooser  also  foimd  that 
during  the  second  distillation  with  calciiun  carbonate  some  of 
both  the  phenol  and  p-cresol  were  lost.  He  overcame  this  diffi- 
culty by  passing  CO2  through  the  solution.  With  these  modifi- 
cations the  original  Kossler  and  Penny  method  was  carried  out 
and  correct  values  were  obtained  on  known  solutions  of  p-cresol 
and  phenol.  The  amounts  of  volatile  phenols  found  by  Mooser 
in  the  urine  of  normal  adults  were  53,  39,  48,  and  36  mg.  per  day. 

The  estimation  of  the  volatile  phenols  has  thus  been  shown  to 
be  fraught  with  difficulties.  These  difficulties  were  thought  to 
have  been  overcome  by  the  method  as  outlined  by  Mooser  but 
the  following  year  Neuberg  and  Hildesheimer  (39)  claimed  that 
the  distillation  of  urine,  containing  glucose  or  other  carbohy- 
drates, with  85  per  cent  phosphoric  acid  did  form  interfering 
substances.  Thus  the  question  of  the  estimation  of  volatile 
phenols  was  again  in  an  unsettled  state. 

In  1912  Hensel  (40)  repeated  Neuberg  and  Hildesheimer's 
experiments  of  distilUng,  with  phosphoric  acid,  solutions  contain- 
ing glucose  and  Z-arabinose,  and  obtained  no  iodine-binding  sub- 
stance. An  ether  extraction  method  was  devised  which  consisted 
in  extracting  the  volatile  phenols  from  the  first  distillate  by  shak- 
ing with  ether  and  then  extracting  from  the  ether  with  NaOH. 
Iodine  was  added  to  this  solution  and  the  excess  titrated.  The 
results  recorded  by  Hensel  were  similar  to  those  found  by  Mooser. 
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A  colorimetric  method  was  devised  in  1898  by  Bordas  and 
Robin  (41),  which  depended  on  the  conversion  of  phenol  into 
ammonium  picrate.    The  color  developed  was  compared  with 
that  given  by  a  known  amomit  of  phenol.    The  standard  was 
prepared  by  adding  5  mg.  of  phenol  to  10  cc.  of  water.    To  this 
1  cc.  of  a  saturated  solution  of  potassium  nitrate  and  2  cc.  of 
concentrated  H2SO4  were  added.    The  solution  was  wanned  on 
the  water  bath  for  10  minutes,  then  saturated  with  NHs,  and 
diluted  to  200  cc.    From  1  to  10  cc.  of  this  were  taken  and  diluted 
to  50  cc,  depending  on  the  amount  of  phenol  present  in  the 
imknown  solution.    The  estimation  of  the  volatile  phenols  was    « 
made  by  distilling  the  urine  with  H2SO4  imtil  it  was  half  its  -jm 
original  volume.    A  measured  portion  of  the  distillate  was  taken  ^^ 
and  treated  in  the  manner  outlined  for  the  standard  solution.  _ 
The  color  produced  was  compared  to  that  produced  by  the  knownjcz 
amoimt  of  phenol. 

Another  colorimetric  method  is  also  described  by  thesam< 
authors  but  they  do  not  give  any  results  obtained  by  eithei 
method. 

Folin  and  Denis^  Colorimetric  Method, 


This  method  is  essentially  different  from  the  former  methods  ii 
that  it  estimates  not  only  the  volatile  phenols  but  also  the  non- 
toxic aromatic  oxy-acids  and  any  non-volatile  phenols  that  may 

be  present  in  the  urine.    Accordingly  it  is  of  little  value  to  com 

pare  the  results  obtained,  which  are  supposed  to  be  a  measure  of 
the  total  phenolic  substances  with  the  figures  recorded  in  the 
Uterature  for  the  volatile  phenols. 

In  1912  Folin  and  Denis  (42)  described  their  phosphotungstic- 
phosphomolybdic  reagent,  the  addition  of  which  to  a  solution 
containing  phenol  in  the  presence  of  sodiimi  carbonate  develops 
an  intense  blue  color.  What  the  chemical  combination  is  which 
produces  this  color  has  not  been  explained.  The  volatile  phenols 
are  not  the  only  substances  which  cause  the  reaction  as  the  blue 
color  is  also  developed  by  the  non-volatile  phenols,  the  aromatic 
oxy-acids,  tyrosine,  protein,  uric  acid,  and,  as  more  recently  shown 
by  Folin  and  Wu  (43),  cuprous  oxide.  In  thfe  case  of  the  phenolic 
substances  the  color  is  apparently  due  to  the  free  hydroxyl  group 
as  no  color  is  developed  with  the  conjugated  phenoUc  substances 
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in  which  this  group  is  united  with  sulfuric  or  glucuronic  acid. 
On  heating  with  HCl  this  union  is  broken  down  and  the  liberated 
phenoUc  substance  will,  of  course,  give  the  characteristic  reaction. 

Using  this  "phenol  reagent'*  Folin  and  Denis  devised  their 
colorimetric  method  for  the  determination  of  the  *Hotal  phenolic 
substances  in  the  mine."  The  procedure  is  as  follows:  10  cc.  of 
urine  are  placed  in  a  50  cc.  flask,  silver  lactate  and  colloidal  iron 
are  added,  and  the  flask  is  filled  to  the  mark.  By  this  means 
uric  acid  and  traces  of  protein  which  give  a  blue  color  with  the 
reagent  are  removed.  The  contents  are  filtered,  25  cc.  of  the 
filtrate  transferred  to  a  50  cc.  flask,  and  sodium  chloride  is  added 
to  precipitate  the  excess  of  silver.  The  flask  is  filled  to  the  mark 
and  the  contents  are  again  filtered.  The  free  phenols  are  deter- 
mined by  taking  20  cc.  of  this  filtrate  in  a  volumetric  flask  and 
adding  sodium  carbonate  and  the  reagent.  The  blue  color 
developed  is  compared  with  that  given  by  a  standard  solution  of 
phenol.  The  total  phenols  are  determined  by  transferring  a 
second  20  cc.  of  the  filtrate  to  a  large  test-tube  and  adding  10 
drops  of  concentrated  HCl.  The  test-tube  is  covered  with  a 
small  funnel  and  the  mixture  heated  to  boiling  over  a  free  flame 
and  then  placed  in  boiling  water  for  10  minutes.  After  cooling, 
the  filtrate  is  treated  as  in  the  determination  of  the  free  phenols 
and  the  result  obtained  is  a  measure  of  the  free  plus  conjugated 
phenoUc  substances.  With  normal  adults  the  values  given  by 
Folin  and  Denis'  for  the  free  phenoUc  substances  varies  from  170 
to  290  mg.  per  day  and  the  total  from  290  to  480  mg.  per  day.* 

During  the  past  year  a  great  number  of  determinations  had 
been  made  by  the  Folin  and  Denis  method  in  this  laboratory  on 
the  urine  of  infants  and  children  and  it  was  thought  desirable  to 
investigate  the  direct  production  of  these  substances  by  various 
bacteria.  An  obstacle  was  immediately  encoimtered  in  the  fact 
that  tyrosine  also  reacts  with  the  phenol  reagent.  In  the  effort 
to  devise  a  method  of  separating  the  phenolic  substances  from 
tyrosine  it  was  found  that  p-oxybenzoic  acid,  p-cresol,  and  phenol 
could  be  quantitatively  recovered  from  an  aqueous  solution  by 

» Folin  and  Denis  (2),  pp.  313,  316,  318. 

*  Considerable  work  has  been  done  by  Dubin  (44)  on  the  elimination  of 
phenolic  substances  in  the  urine  of  animals  using  the  Folin  and  Denis 
method. 
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shaking  with  two  or  more  times  its  volume  of  ether  and  then 
extracting  from  the  ether  with  10  per  cent  NaOH.  The  NaOH 
was  neutralized  and  the  phenolic  substances  were  estimated  by 
the  addition  of  sodium  carbonate  and  the  phenol  reagent.  This 
procedure  was  then  tried  out  on  urine  and  the  results  obtained 
(Table  I)  were  so  much  lower  than  those  by  the  Folin  and  Denis 
method  that  the  reason  for  this  was  investigated. 

It  is  primarily  necessary  to  demonstrate  that  in  the  determina- 
tions made  by  the  ether  extraction  method  all  the  phenolic  sub- 
stances are  quantitatively  extracted  and  not  destroyed  during^ 
this  and  the  subsequent  treatment. 

TABLE  I. 

Estimation  of  Phenolic  Substances  in  Urine  by  Folin  and  Denis^  Method  and'Z 

by  Ether  Extraction. 
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Tyrosine  and  uric  acid  are  insoluble  in  ether,  therefore  th 
extractions  may  be  made  directly  on  the  urine.  The  procedures^' 
is  as  follows:  5  cc.  of  urine  are  shaken  for  5  minutes  with  100  cc.  of 
ether.  The  urine  is  separated  and  two  more  extractions  are  made 
using  50  cc.  of  ether  each  time.  The  200  cc.  of  ether  are  shaken 
for  5  minutes  with  20  cc.  of  10  per  cent  NaOH,  separated,  and  the 
sodiimi  hydroxide  solution  is  neutralized  and  made  slightly  acid 
with  concentrated  HCl.  Sodium  carbonate  and  the  phenol 
reagent  are  then  added  and  the  color  produced  is  compared  with 
a  standard  phenol  solution. 

All  the  phenoUc  substances  in  the  urine  are  many  times  more 
soluble  in  ether  than  in  water  and  if  present  in  the  urine  in  their 
free  state  and  not  combined  with  other  substances  would  be 
readily  extracted  by  the  relatively  large  amount  of  ether  used. 
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That  practically  all  the  free  phenolic  substances  are  extracted  is 
shown  by  making  a  fourth  extraction  on  the  5  cc.  of  urine  and 
after  the  subsequent  shaking  with  NaOH  only  a  barely  perceptible 
color  is  developed  on  the  addition  of  the  reagent.  Anderson  (46) 
has  called  attention  to  the  difficulty  of  completely  removing 
p-cresol  from  ether  by  extraction  with  NaOH.  That  this  diffi- 
culty does  not  exist  when  working  with  very  small  quantities  is 
shown  by  making  a  second  extraction  on  the  200  cc.  of  ether  with 
10  per  cent  NaOH  and  on  adding  the  phenol  reagent  to  it  no 
color  is  produced. 

It  is  seen  that  the  removal  of  the  phenolic  substances  from 
ether  depends  on  converting  them  into  their  sodium  salts  which 
are  insoluble  in  ether;  therefore  if  these  substances  were  present 
in  the  urine  in  the  form  of  salts  they  would  not  be  extracted.  A 
survey  of  the  properties  of  the  phenolic  substances  soon  shows 
that  with  the  degree  of  acidity  at  which  the  extractions  were 
made  these  substances  would  be  present  in  their  free  state.  At 
pH  6  all  the  volatile  phenols  would  be  free  because  sodium  pheno- 
late  is  largely  hydrolyzed  into  sodium  hydroxide  and  phenol  even 
in  a  sUghtly  alkaline  solution.  The  question  of  the  oxy-acids, 
however,  is  a  different  one  as  on  account  of  their  carboxyl  group 
they  behave  as  much  stronger  acids  than  phenol.  That  they  are 
completely  extracted  at  pH  6  is  shown  by  the  following  experiment. 

Two  equivalents  of  NaOH  were  added  to  p-oxy benzoic  acid  (Kahlbaum). 
The  resulting  solution  had  a  pH  of  8"^.  5  cc.  of  this  solution  were  brought 
to  pH  7.4  and  shaken  for  5  minutes  with  100  cc.  of  ether,  and  the  ether  was 
separated  and  shaken  for  5  minutes  with  a  20  per  cent  solution  of  sodium 
carbonate.  On  the  addition  of  the  phenol  reagent  no  color  was  obtained. 
This  procedure  was  then  repeated  on  a  second  5  cc.  of  the  sodium  oxyben- 
zoate^ solution  which  had  been  brought  to  pH  6.4,  and  on  the  addition  of  the 
reagent  a  marked  blue  color  developed,  which  accounted  for  all  the  p-oxy- 
benzoic  acid  in  the  solution. 

There  is  also  the  possibility  of  actual  free  phenolic  substances 
not  being  extracted  by  ether  l^y  virtue  of  some  loose  chemical 
combination  in  the  urine  or  a  possible  adsorption  with  colloidal 
material.  This  is  very  improbable,  however,  and  could  not 
possibly  account  for  the  great  difference  obtained  by  the  two 
methods. 


422  Phenolic  Substances  in  Urine 

The  phenolic  substances  are  not  destroyed  by  the  ether  extrac- 
tion and  the  subsequent  steps  of  this  method.  This  has  already 
been  shown  in  aqueous  solutions  with  p-oxybenzoic  acid,  p-cresol^ 
and  phenol.  If  5  cc.  of  urine  after  being  used  for  the  extraction 
with  ether  are  treated  by  Folin  and  Denis'  method,  the  amoimt 
of  the  so  called  phenolic  substances  obtained  plus  the  amount 
obtained  by  ether  extraction  is  only  from  5  to  10  per  cent  less 
than  that  obtained  on  the  urine  directly.  In  view  of  the  amoimt 
of  manipulation  these  results  correspond  very  closely  and  show 
that  the  phenolic  substances  are  not  destroyed. 

Folin  and  Denis'  explained  the  high  results  obtained  by  their 
method  as  due  to  the  elimination  of  "a  preliminary  (necessarily 
imperfect)  separation  by  [ether]  extraction  or  distillation  as  has 
been  the  case  in  all  the  methods  hitherto  available."  They  con- 
clude that  the  large  amount  of  free  phenol  excreted  after  benzene 
has  been  given  is  '*an  interesting  and  probably  convincing  proof 
that  the  phenols  formed  within  the  body  are  in  fact  eliminated  as 
free  phenols."  The  methods  of  Kossler  and  Penny,  Neuberg, 
Mooser,  etc.  require  a  preliminary  evaporation  of  the  faintly 
alkaline  urine  to  one-fifth  its  original  volume.  Folin  and  Denis 
demonstrated  that  in  an  aqueous  solution  phenol  and  p-cresol  are 
largely  destroyed  by  evaporation  for  1  hour  after  the  addition  of 
1  drop  of  10  per  cent  NaOH.  Hence  the  presumed  discrepancy 
between  the  higher  results  obtained  by  Folin  and  Denis  and 
those  of  the  older  investigators. 

Kossler  and  Penny's  method  was  devised  in  1893  and  during 
the  42  years  previous  to  this  it  was  demonstrated  time  and  again 
that  only  a  trace  of  volatile  phenols  was  present  in  the  free  state. 
It  is  of  interest  to  note  the  results  obtained  by  Munk  in  1876 
after  giving  benzene  to  an  adult  and  estimating  the  volatile 
phenols  by  Landolt's  method.  The  total  urine  for  the  day  was 
distilled  without  acidifying  on  the  sand  bath.  On  the  addition  of 
bromine  water  to  the  distillate  only  a  trace  of  volatile  phenols 
was  demonstrated.  The  total  urine  was  again  distilled  after  the 
addition  of  H2SO4  and  on  then  adding  bromine  water  to  the  dis- 
tillate 101  mg.  of  tribromophenol  were  obtained.  On  repeating 
this  experiment  Folin  and  Denis  found  by  their  method  that 
"there  was  an  unmistakable  increase  in  the  elimination  of  the 
free  as  well  as  the  conjugated  phenols." 
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That  the  volatile  phenols  (and  traces  of  non-volatile  phenols) 
are  only  excreted  in  very  small  quantities  in  the  free  state  in 
nonnal  human  urine  is  shown  by  the  following  experiments. 

250  cc.  of  fresh  urine  were  made  alkaline  (pH  7.4)  by  the  addition  of 
10  per  cent  NaOH.  The  amount  of  alkali  required  in  four  different  speci- 
mens were  5,  2,  2.7,  and  3.6  cc.  The  urine  was  placed  on  the  steam  bath 
and  evaporated  to  50  cc.  which  required  from  1  to  IJ  hours.  It  was  then 
made  up  to  its  original  volume  with  water  and  the  phenolic  substanoes 
were  estimated  by  Folin  and  Denis'  method.  The  results  obtained  were 
invariably  found  to  be  the  same  as  before  evaporation.  Folin  and  Denis 
demonstrated  that  free  volatile  phenols  were  largely  destroyed  by  this 
treatment. 

250  cc.  of  fresh  urine  were  placed  in  a  liter  Kjeldahl  flask  and  gently 
distilled  for  4  hours.  To  a  portion  of  the  distillate  were  added  sodium 
carbonate  and  the  phenol  reagent  and  the  resulting  color  was  read  in  the 
colorimeter.  The  free  volatile  phenols  found  in  two  different  24  hour 
specimens  were  2.6  and  1.2  mg.  To  another  250  cc.  of  urine  from  one  of  the 
above  specimens  were  added  2  mg.  of  phenol  and  the  distillation  was  car- 
ried out  under  the  same  conditions.  The  amount  of  phenol  recovered  in 
the  distillate  in  addition  to  the  amount  already  found  was  1.74  mg.  or  87 
per  cent.    The  acidity  of  both  urines  was  greater  than  pH  6. 

Duplicate  samples  of  urine  were  extracted  with  ether.  To  one  extract 
were  added  20  cc.  of  20  per  cent  sodium  carbonate  and  to  the  other  20  cc. 
of  10  per  cent  NaOH.  The  difference  in  the  amount  of  color  developed  is  a 
measure  of  the  free  volatile  phenols  present.  The  results  obtained  on  five 
normal  urines  from  adults  (Table  II)  show  that  with  the  exception  of  one 
determination  there  was  only  a  small  amount  of  free  volatile  phenols 
present. 

If  ether  contains  aromatic  oxy-acids,  an(}  volatile  and  non-vola- 
tile phenols,  the  addition  of  NaOH  removes  all  these  substances, 
but  if  sodium  carbonate  is  added  in  place  of  the  NaOH  only  the 
oxy-acids  are  removed.  It  is  thereby  possible  to  estimate  the 
amount  of  volatile  and  non-volatile  phenols  in  urine. 

All  the  urine  in  the  above  determinations  was  preserved  with 
a  slight  amount  of  chloroform  and  used  immediately  on  comple- 
tion of  the  24  hour  period.  This  is  necessary  as  the  free  oxy-acids 
are  rapidly  converted  into  free  p-cresol  and  phenol  if  the  urine  is 
allowed  to  stand.  In  this  regard  it  is  rather  interesting  to  find, 
in  confirmation  of  Baumann's  work,  that  at  the  end  of  5  or  6 
days  there  are  no  free  oxy-acids  in  the  urine  and  their  place  is 
largely  taken  by  the  volatile  phenols. 
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These  three  experiments  prove  conclusively  that  the  volatile 
phenols  are  present  in  the  urine  largely  in  the  conjugated  form  in 
contradiction  to  the  results  obtained  by  the  Folin  and  Denis 
method. 

It  is  of  interest  to  estimate  the  total  amount  of  volatile  phenols 
in  the  urine  by  direct  ether  extraction  and  compare  the  results 
obtained  with  those  recorded  in  the  literature.  The  "decon- 
jugation"  was  carried  out  exactly  as  outlined  in  Folin  and  Denis' 
method.  The  addition  of  the  HCl  brought  the  pH  to  about  1. 
The  extraction  may  be  carried  out  on  the  urine  directly  or  on 
Folin  and  Denis*  second  filtrate.  The  latter  procedxu^  is  the 
preferable  one  as  the  solution  does  not  tend  to  adhere  to  the 
sides  of  the  separatory  funnel.  The  results  obtained  (Table  II) 
are  seen  to  have  almost  the  identical  range  as  those  obtained  by 
Mooser. 

There  are  two  sources  of  error  in  these  determinations  of  the 
total  volatile  phenols.  The  first  error  is  that  some  of  the  p-creso! 
is  lost  in  the  heating  necessary  for  the  liberation  from  the  sidfuri 
and  glucuronic  acids.  If  p-cresol  in  amoimts  varjring  from  0.1 
to  0.5  mg.  is  added  to  the  solution  being  heated,  it  is  found  tha 
about  25  per  cent  is  not  recovered.  When  phenol  is  added  it 
all  recovered.  As  the  amount  of  p-cresol  in  human  urine  is  ov 
60  per  cent  of  the  volatile  phenols  this  error  could  then  be  r^ard 
as  from  10  to  15  per  cent,  but,  as  the  p-cresol  is  gradually  bei 
liberated  during  the  heating,  I  think  it  is  reasonable  to  re, 
this  error  as  being  in  the  neighborhood  of  5  per  cent.  The  secon 
error  is  that  any  trace  of  pyrocatechin  present  in  the  urine  woul 
also  be  extracted.  As  these  two  errors  tend  to  balance 
other,  the  results  obtained  may  be  regarded  as  a  comparative!; 
accurate  measiu'e  of  the  volatile  phenols  in  the  mine. 

The  amount  of  aromatic  oxy-acids  estimated  as  phenol  is  given 
in  Table  II.  These  results  are  in  accord  with  the  finding  o: 
Baumann  in  1876  in  which  he  demonstrated  that  the  oxy-acids- 
were  largely  excreted  in  the  free  state.  It  must  be  remembered, 
however,  that  the  actual  amount  of  oxy-acids  is  much  greater 
than  these  figures  as  it  requires  about  5  mg.  of  p-oxybenzoic  acid 
to  produce  the  same  amount  of  color  as  1  mg.  of  phenol. 

What  the  interfering  substances  are  which  react  with  the 
phenol  reagent  have  not  been  determined.     Some  are  liberated 
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by  the  heating  with  concentrated  HCl  and  this  suggests  that 
these  may  iti  part  be  conjugated.  Indoxyl,  which  when  conju- 
gated with  suKuric  acid  produces  indoxyl  sulfate,  has  the  benzene 
ring  and  a  free  hydroxyl  group,  but  this  group  is  not  attached  ta 
the  benzene  nucleus.  Besides  Folin  and  Denis  state  that  the 
phenol  reagent  does  not  react  with  indole  or  its  derivatives.  Mu- 
conic  acid,  which  is  an  oxidation  product  of  benzene,  suggests 
itself,  as  Munk  (13)  found  on  giving  benzene  no  increase  in  the 
free  volatile  phenols  while  Folin  and  Denis  found  a  marked 
increase.     Muconic  acid,  however,  is  soluble  in  ether  and  would 

TABLE  II. 

Estimation  of  Free  and  Total  VoUUUe  Phenols  and  Aromatic  Oxy- Acids  by^ 

Ether  Extraction, 


Case. 

24  hr. 

quantity  of 

urine. 

Free  volatile 
phenols. 

Total  volatile 
phenols. 

Free  aromatic 

oxy-aoids 

estimated  as 

phenol. 

• 

Total  aromatic 

acids  estimated 

as  phenol. 

F.  F.  T. 

F.  F.  T. 
J. 
W. 
H. 

ec. 

760 
775 
575 
830 
730 

mo. 

9 
2 
6 
17 
0 

mg. 

58 
40 
40 
38 

mo. 

60 
60 
55 
65 
76 

mg. 

75 
93 

77 
127 
107 

therefore  be  extracted.  Inosite,  C«H6(OH)6,  which  is  a  poly- 
hydri^  alcohol,  is  insoluble  in  ether  and  present  in  large  quantities 
in  urine  but  does  not  react  with  the  phenol  reagent. 

Some  of  the  properties  of  the  interfering^  substances  have  been 
determined.  If  fresh  urine  is  distilled  for  some  hours  with  phos- 
phoric or  sulfuric  acid  until  all  the  volatile  phenols  have  been 
driven  oflF,  the  distillate  contains  a  compound  which  reacts  not 
only  with  the  phenol  reagent  but  also  with  Folin  and  Macallum's 
(46)  uric  acid  reagent  and  Folin  and  Wu's  (47)  new  blood  sugar 
reagent.  These  substances  distil  over  in  large  quantities,  par- 
ticularly if  the  fluid  in  the  distilling  flask  is  allowed  to  become 
concentrated.  Also,  if  uric  acid  and  traces  of  protein  are  removed 
from  urine  and  the  filtrate  is  heated  with  concentrated  HCl,  the 
addition  of  the  uric  acid  and  sugar  reagents  produces  a  con- 
siderable color.  The  reaction  with  the  sugar  reagent  is  very 
slow,  the  color  increasing  in  intensity  for  2  or  3  days.     Folin  and 
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Wu  state  that  the  blood  sugar  reagent  does  not  react  .;With  **  phe- 
nols." The  color  produced  by  the  uric  acid  reagent  might  be 
Accounted  for  by  pyrocatechin,  as  this  reagent  reacts  with  the 
polyphenols. 

SUMMARY. 

1.  The  results  obtamed  for  the  total  phenolic  substances  in 
urine  by  an  ether  extraction  method  outlined  in  this  paper  are  at 
least  50  per  cent  lower  than  those  recorded  by  Folin  and  Denis. 

2.  Only  a  small  fraction  of  the  volatile  phenols  are  excreted  in 
the  urine  in  the  free  state. 

3.  The  amount  of  volatile  phenols  found  by  the  method 
described  in  this  paper  corresponds  very  closely  with  the  values 
obtained  by  the  methods  of  Mooser  and  Hensel. 

4.  There  are  substances  in  the  urine,  at  present  unidentified, 
which  react  with  the  phenol,  uric  acid,  and  blood  sugar  reagents 
devised  by  Folin  and  his  collaborators.  These  compounds  are 
partly  present  in  the  free  state  and  partly  formed  by  the  action 
of  strong  mineral  acids  on  the  urine.  Whether  they  are  simple 
conjugated  bodies  or  chemical  compounds  formed  by  the  action 
of  strong  mineral  acids  on  some  constituent  of  the  mine  has  not 
been  determined. 

5.  It  is  suggested  that  these  compoimds  may  be  responsible  for 
the  high  values  obtained  for  the  phenolic  substances  in  urine  by 
the  method  of  Folin  and  Denis. 

Addendum. — After  the  completion  of  this  manuscript  there  appeared  a 
paper  on  the  colorimetric  estimation  of  tyrosine  by  the  method  of  Folin 
and  Denis  (48).  In  investigating  Folin  and  Denis'  phenol  reagent,  the 
authors  found  that  tryptophane  also  produced  an  intense  blue  color  with 
the  reagent.  Indole  and  indole  derivatives,  contrary  to  the  statement  of 
Folin  and  Denis,  reacted  strongly  with  the  reagent  to  produce  the  blue 
color.  They  found  considerable  evidence  that  tyrosine  and  tryptophane 
were  not  the  only  protein  constituents  which  produced  blue  colors  with 
the  reagent  and  also  that  ferrous  iron  and  apparently  any  other  easily 
oxidizable  material  caused  the  reaction. 
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INTRODUCTION. 

A  number  of  investigators  "have  isolated  and  studied  inosite 
phosphoric  acid  compounds  derived  from  seeds  and  various 
feeding  material.^  Unfortimately  there  is  no  agreement  among 
these  investigators  as  to  the  composition  of  the  phytic  acid  or 
inosite  phosphoric  acid,  nearly  every  worker  in  this  field  having 
found  one  or  more  substances  which  differ  in  composition  from 
those  analyzed  by  others. 

Postemak^  who  first  carefully  studied  this  substance  concluded 
from  his  data  of  the  analyses  of  crystalline  double  calcium-sodium 
salts  that  phytin  was  a  salt  of  an  acid  having .  the  formula 
C2H8O9P2.  On  theoretical  grounds  Neuberg'  suggested  that  this 
formula  should  be  multiplied  by  3;  viz,,  C6H24O27P6.  On  equally 
theoretical  groimds  it  was  assumed  by  Suzuki  and  collaborators* 
that  the  acid  was  a  hexaphosphoric  acid  ester  of  inosite, 
C6H18O24P6.  Starkenstein,*^  Vorbrodt,'  and  others  elaborated 
more  complex  formulas  for  the  acid.    Patten  and  Hart^  and  Hart 

1  For  review  of  the  literature  see  Rose,  A.  R.,  Biochem.  Bull.,  1912-13,  ii, 
21.    Anderson,  R.  J.,  Thesis,  Cornell  University,  1919. 

*  Postemak,  S.,  Compt.  rend.  Acad.,  1903,  cxxxvii,  202,  337,  439. 
'  Neuberg,  C,  Biochem.  Z.,  1908,  ix,  557. 

*  Suzuki,  U.,  Yoshimura,  K.,  and  Takaishi,  M.,  Bull.  Tokyo  Imper. 
Univ.  College  Agric,  1907,  vii,  503. 

*  Starkenstein,  E.,  Biochem.  Z.,  1911,  xxx,  56. 

•Vorbrodt,  W.,  Bull,  de  VAcad.  sc.  Cracow,  Series  A,  1910,  414. 
'  Patten,  A.  J.,  and  Hart,  E.  B.,  Am.  Chem.  J.,  1904,  xxxi,  664. 
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and  Tottinghani^  regarded  the  substances  which  they  analyzed  as 
identical  with  the  phytin  of  Posternak. 

In  eariier  papers  from  this  laboratory^  it  w^as  assumed  that  the 
phytic  acid  formula  according  to  Posternak  and  Neuberg  was 
correct  and  the  analytical  data  from  amorphous  phytin  prepara- 
tions were  in  close  agreement  with  this  formula.  But  in  isolat- 
ing the  organic  phosphoric  acid  of  cotton-seed  meal^®  we  were 
able  to  obtain  crystalline  barium  salts  which  corresponded  closely 
in  composition  to  salts  of  inosite  hexaphosphoric  acid.  Identical 
crystalline  salts  were  later  obtained  from  oats,  com,  conunercial 
phytin,"  wheat  bran,^^  and  more  recently  from  maple  seed.^' 

These  barium  salts  had  been  very  carefully  purified  by  repeated 
recrystallization  until  the  composition  remained  constant.  Twa 
types  of  barium  salts  were  obtained  corresponding  to  the  follow- 
ing fonnulas,  C6Hi2024P6Ba3  and  (C6Hii024P6)2Ba7.  The  first  or 
tribarium  inosite  hexaphosphate  crystalUzes  slowly  in  rosettes  of 
microscopic  needles  after  addition  of  alcohol  to  a  solution  of  the 
barium  salt  in  dilute  hydrochloric  acid.  The  second  salt,  which 
may  be  regarded  either  as  a  heptabarium  inosite  hexaphosphate 
or  as  a  mixture  of  equal  parts  of  tri-  and  tetrabarium  inosite 
hexaphosphate,  is  obtained  on  heating  a  solution  of  the  barium 
salt  in  dilute  hydrochloric  acid  in  the  presence  of  an  excess  of 
barium  chloride  or  it  separates  slowly  as  a  heavy  powder  or 
crystalline  crust  when  a  dilute  hydrochloric  acid  solution  of  the 
barium  salt  containing  a  large  excess  of  barium  chloride  is  allowed 
to  stand  at  room  temperature. 

Thompson"  obtained  similar  crj^stalline  barium  salts  from  the 
inosite  phosphoric  acid  of  rice  bran  and  Robinson  and  Mueller^ 

8  Hart,  E.  B.,  and  Tottingham,  W.  E.,  J.  Biol.  Chem.,  1909,  vi,  431. 
»  Anderson,  R.  J.,  J.  Biol.  Chem.,  1912,   xi,  471;  xii,  97;  New  York 
Agric.  Exp.  Station,  Tech.  Bull.  19,  21,  1912. 

10  Anderson,  R.  J.,  J.  Biol.  Chem.,  1912-13,  xiii,  311;  1914,  xvii,  141; 
Neir  Yorh  Agric.  Exp.  Station,  Tech.  Bull.  S2,  1914. 

"  Anderson,  R.  J.,  J.  Biol.  Chem.,  1914,  xvii,  151,  165,  171;  New  York 
Agric.  Exp.  Station,  Tech.  Bull.  SB,  1914. 

"  Anderson,  R.  J.,  J.  Biol.  Chem.,  1915,  xx,  493;  New  York  Agric,  Exp, 
Station,  Tech.  Bull.  40,  1915. 

1' Anderson,  R.  J.,  J.  Biol.  Chem.,  1920,  xliii,  469;  New  York  Agric, 
Exp.  Station,  Tech.  Bull.  81,  1920. 

1*  Thompson,  A.  R.,  J.  Agric.  Research,  1914-15,  iii,  425. 

1*  Robinson,  C.  J.,  and  Mueller,  J.  H.,  Biochem.  Bull,,  1916,  iv,  100. 
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from  wheat  bran.  Clarke^^  and  BoutwelP^  using  similar  methods 
isolated  substances  from  wild  Indian  mustard  and  wheat  bran 
wiiich  differed  considerably  in  composition  from  salts  of  inosite 
hexaphosphoric  acid.  Rather'^  has  expressed  the  opinion  that 
the  preparations  which  he  had  isolated  were  not  salts  of  inosite 
hexaphosphoric  acid  but  of  acids  represented  by  various  formulas 
such  as  C4H17OUP8,  C6H17P4O17,  C^HuPaOia,  but  later  he  believed 
that  the  composition  was  best  represented  by  the  formula 
C1JH41O48P9.  In  a  more  recent  publication^®  it  is  stated  by  him 
that  the  composition  of  the  inosite  phosphoric  acid  of  plants  is 
equally  well  expressed  either  by  the  formula  C12H41O42P9  or  by 
the  formula  of  inosite  pentaphosphoric  acid,  C5H17O21P6. 

It  is  possible  that  substances  having  the  composition  described 
by  Rather  may  be  isolated  from  plant  material.  We  beUeve, 
however,  when  inosite  penta-,  tetra-,  or  other  lower  inosite  phos- 
phoric acids  are  found  that  they  have  been  formed  through  partial 
hydrolysis  of  the  inosite  hexaphosphoric  acid.  Such  partial 
hydrolysis  may  occur  either  in  the  plant  material  itself  during 
storage  as  found  by  Rather^^  in  cotton-seed  meal  and  by  the 
writer*'  in  maple  seed  or  else  it  may  occur  during  the  process  of 
isolating  the  substance  through  enzymotic  action  when  the 
material  is  digested  in  water  as  shown  by  Suzuki,  Yoshimura, 
and  Takaishi,^  by  the  writer,^^  and  by  BoutwelP'  on  digestion  in 
very  dilute  acids. 

Moreover,  the  analytical  data  presented  by  Rather  do  not 
prove  conclusively  that  the  composition  of  the  inosite  phosphoric 
acid  of  plants  corresponds  to  inosite  pentaphosphoric  acid.  It 
was  suggested  by  the  writer  some  years  ago  that  the  str>'chnine 
salts"  are  not  suitable  for  the  identification  of  inosite  phosphoric 
acid  because  the  great  basicity  of  the  acid  gives  salts  of  very  high 

»«  Clarke,  G.,  J.  Chem.  Soc,  1914,  cv,  635;  1915,  cvii,  360. 

"  Boutwell,  P.  W.,  J.  Am.  Chem.  Soc,  1917,  xxxix,  401. 

»•  Rather,  J.  B.,  Texas  Agric.  Exp.  Station,  Bull.  IJfi,  1912;  J.  Am. 
Chem.  Soc.y  1913,  xxxv,  890. 

»»  Rather,  J.  B.,  J.  Am.  Chem.  Soc,  1918,  xl,  523. 

*•  Rather,  J.  B.,  J.  Am.  Chem.  Soc,  1917,  xxxix,  777. 

**  Anderson,  R.  J.,  J.  Biol.  Chem.,  1915,  xx,  483;  New  York  Agric.  Exp. 
Siaiion,  Tech.  Bull.  40,  1915. 

"  Anderson,  R.  J.,  J.  Biol.  Chem.,  1915,  xx.  463;  New  York  Agric.  Exp. 
SUUion,  Tech.  Bull.  40,  1915. 
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molecular  weight.  Slight  differences  in  composition  of  the  add, 
therefore,  cannot  be  determined  by  analysis  of  such  salts  for 
the  reason  that  analytical  errors  may  be  greater  than  the  differ- 
ence in  calculated  percentage  composition.  This  is  illustrated  in 
Table  I.  In  the  second  column  is  given  the  average  of  the  sixteen 
strychnine  salts  analyzed  by  Rather;  in  the  thbd  column  the 
calculated  composition  of  tetrajstrychnine  inosite  pentaphosphate; 
and  in  the  fourth  colimm  the  calculated  percentage  of  a  mixture 
assumed  to  consist  of  two  parts  of  pentastrychnine  inosite  hexBr 
phosphate  anyone  part  of  tetrastrychnine  inosite  hexaphosphate. 
It  is  self-evident  that  such  shght  differences  in  percentage 
composition  as  exist  between  the  above  formulajs  cannot  be 
determined  accurately  by  analysis.    Having  due  regard  to  the 


TABLE  I. 

Comparative  Composition  of  Strychnine  Salts. 


C 
H 

N 
P 


Average  of  sixteen 

analyses  reported  by 

Rather. 


per  cent 

65.99 
6.76 
5.46 
8.45 


Calculated  for 
tetrastrychnine  inosite 

pentaphosphate 
C«Hi70tiPs(CnHsNs0s)4. 


per  cent 

56.36 
5.48 
5.84 
8.08 


Calculated  for 
2[C«Hi.OMP«(CnHitN40i)f] 
+C«Hi«OMPi(CnHBNs0i)«. 


per  cent 

56.25 
5.43 

5.88 
8.38 


limit  of  error  in  analytical  work  we  do  not  beUeve  that  the  data 
of  the  above  author  present  any  definite  proof  that  inosite  penta- 
phosphoric  acid  exists  in  plants. 

Postemak*'  has  recently  called  attention  to  his  earUer  work 
and  again  he  describes  the  crystalline  double  calciumHSodium 
salt  which  he  analyzed  several  years  ago.  At  the  present  time 
this  author  accepts  the  phytic  acid  formula  proposed  by  Neu- 
berg;  viz,j  C6H24O27P6.  This  formula  differs  from  that  of  inosite 
hexaphosphoric  acid  by  containing  3  molecules  more  of  HsO, 
C6H18O24P6  +  3H2O  =  C6H24O27P6.  In  what  manner  these  3 
molecules  of  water  are  combined  in  the  acid  is  not  explained. 
The  above  author  not  only  believes  that  the  phytic  acid  exifitiiig 
in  plant  material  has  this  formula  but  he  claims  to  have  syn- 


*'  Postemak,  S.,  Compt,  rend.  Acad.^  1919,  clxviii,  1216;  clxix,  37. 
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thesized  an  identical  acid^^  by  heating  a  mixture  of  inosite,  phos- 
phoric acid,  and  phosporus  pentoxide. 

On  repeating  these  experiments  on  the  synthesis  of  phytic 
acid,  the  writer^  was  imable  to  confirm  the  conclusion  of  Pos- 
temak  that  inosite  hexaphosphoric  acid  or  phytic  acid  was 
formed.  The  only  product  which  he  could  isolate  from  the  reac- 
tion mixture  corresponded  to  the  formula  C6H12O18P41  which  is 
evidently  an  inosite  ester  of  pyrophosphoric  acid.  This  new  acid 
contains  very  nearly  the  same  percentage  of  phosphorus  as 
phytic  acid  but  in  properties  and  reactions  it  differs  from  this 
substance  in  several  particulars. 

In  view  of  the  disparity  in  the  results  of  the  several  investiga- 
tors, Patten  and  Hart,  Clarke,  Boutwell,  Rather,  Robinson  and 
Mueller,  and  the  writer,  as  to  the  composition  of  the  phytic  acid 
of  wheat  bran  this  substance  has  been  reinvestigated. 

It  was  noticed  in  this  laboratory  when  wheat  bran  is  digested 
in  about  0.2  per  cent  hydrochloric  acid  that  compoimds  differing 
in  composition  from  inosite  hexaphosphoric  acid  are  obtained.** 
From  this  mixture  of  organic  phosphoric  acids  we  were  able  to 
identify  two,  inosite  monophosphoric  acid*'  and  inosite  triphoch 
phoric  acid.**  It  was  foimd  later,  however,  on  digesting  wheat 
bran  in  0.5  or  1.0  per  cent  hydrochloric  acid  that  salts  of  inosite 
hexaphosphoric  acid^*  were  obtained  and  it  was. also  found  that 
the  stronger  acid  destroyed  the  enzyme,  phytase,  which  hydro- 
lyzed  the  inosite  hexaphosphoric  acid  when  the  bran  was  digested 
in  0.2  per  cent  hydrochloric  acid. 

In  the  present  investigation  it  was  found  that  the  crystalline 
barium  salts  corresponded  very  closely  in  composition  to  those 
previously  obtained  from  this  material.  The  work  fully  confirms 
not  only  our  earlier  results  with  respect  to  the  composition  of  the 
phytic  add  of  wheat  bran,  but  the  results  are  also  in  agreement 
with  the  preparations  isolated  from  cotton-seed  meal,  commercial 

**  Postemak,  S.,  CompL  rend.  Acad.,  1919,  clxix,  138. 

*•  Anderson,  R.  J.,  J,  Biol.  Chem.,  1920,  xliii,  117;  New  York  Agric.  Exp. 
Station,  Tech.  Bull.  79,  1920. 

«•  Anderson,  R.  J.,  J.  Biol  Chem.,  1912,  xii,  447;  1914,  xviii,  425; 
New  York  Agric.  Exp.  Station,  Tech.  Bull.  SB,  1912;  Bull.  96,  1914. 

"  Anderson,  R.  J.,  /.  Biol.  Chem.,  1914,  xviii,  441;  New  York  Agric.  Exp. 
Station,  Tech.  Bull.  96,  1914. 
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phytin,  oats,  corn,  and  maple  seed  which  have  been  reported 
from  this  laboratory. 

The  relation  of  carbon  to  phosphorus  in  all  these  carefully 
purified  and  many  times  recrystallized  barium  salts  is  in  the 
ratio  of  6:6.  The  percentage  of  phosphorus  is  shghtly  higher 
and  the  percentage  of  carbon  is  slightly  lower  than  is  required 
by  the  phytic  acid  formula  of  Postemak.  We  have  been  forced 
to  the  conclusion,  therefore,  that  the  assumption  of  Suzuki, 
Yoshimura,  and  Takaishi  that  phytic  acid  is  inosite  hexaphos- 
phoric  acid,  CBH18O24P6,  is  correct. 

* 

EXPERIMENTAL. 

Preparatton  of  the  Barium  Salt. 

The  usual  procedure  of  isolating  the  substance  from  the  wheat 
bran  was  slightly  modified.  The  following  method,  which  was 
found  to  be  the  most  satisfactory,  is  here  briefly  described.  The 
wheat  bran,  3  kilos,  was  digested  in  12  liters  of  2  per  cent  hydro- 
chloric acid  for  5  hours  with  frequent  stirring.  It  was  then 
strained  through  cheese-cloth  and  the  extract  was  freed  from 
suspended  starch,  etc.,  by  centrifuging  and  finally  by  filtering 
through  a  layer  of  paper  pulp.  To  the  clear  filtrate  was  added 
suflScient  sodium  acetate  to  bind  the  free  hydrochloric  add. 
The  phosphorus  compounds  were  then  precipitated  by  adding  a 
concentrated  solution  of  bariimi  chloride  until  no  further  pre- 
cipitate was  produced.  After  settling,  the  supernatant  liquid 
was  syphoned  off  and  the  barium  salt  was  freed  from  the  mother 
liquor  by  centrifuging  and  then  filtering  and  washing  with  water 
on  Qi  Buchner  funnel. 

The  washed  precipitate  was  suspended  in  water  and  the  barium 
was  removed  by  adding  a  slight  excess  of  sulfuric  acid.  After 
the  barium  sulfate  had  settled,  it  was  filtered  off  and  the  clear 
filtrate  was  precipitated  by  adding  a  solution  of  copper  acetate. 
The  resulting  copper  salt  was  filtered  and  washed  free  from  sul- 
fates with  water;  then  it  was  suspended  in  water  and  decom- 
posed with  hydrogen  sulfide.  The  copper  sulfide  was  removed 
and  the  filtrate  was  freed  from  excess  of  hydrogen  sulfide  with  a 
current  of  air  and  then  precipitated  by  adding  a  solution  of 
barium  hydroxide.     The  barium  salt  was  filtered  and  washed 
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thoroughly  with  water.  It  was  dissolved  in  dilute  hydrochloric 
,  acid,  filtered,  and  reprecipitated  with  barium  hydroxide.  After 
precipitating  in  this  manner  seven  times  with  barium  hydroxide, 
the  substance  was  precipitated  four  times  with  alcohol  from 
dilute  hydrochloric  acid.  It  was  finally  filtered  and  washed  free 
from  chlorides  with  dilute  alcohol,  and  alcohol  and  ether,  and 
dried  in  vacuimi  over  sulfuric  acid.  The  substance  was  a  snow- 
white,  bulky,  crystalline  powder  and  it  gave  no  reaction  with 
ammonium  molybdate,  indicating  absence  of  inorganic  phos- 
phate. It  weighed  95  gm.  Bases  other  than  barium  were  absent. 
For  the  purpose  of  removing  any  oxaUc  acid  which  might  have 
been  retained,  the  substance  was  dissolved  in  dilute  hydrochloric 
acid  and  to  it  was  added  a  concentrated  solution  of  20  gm.  of 
barium  chloride.  After  standing  over  night  the  sUght  precipi- 
tate which  had  formed  was  filtered  off  and  the  filtrate  precipitated*  * 
by  adding  an  equal  volume  of  95  per  cent  alcohol.  The  sub- 
stance was  filtered  and  washed  in  dilute  alcohol  until  free  from 
chlorides  and  then  washed  in  alcohol  and  ether  and  dried  in 
vacuum  over  sulfuric  acid. 

The  substance  was  further  crystallized  as  follows:  It  was  dis- 
solved in  dilute  hydrochloric  acid  and  the  free  acid  nearly  neu- 
tralized by  adding  with  constant  shaking  a  dilute  solution  of 
barium  hydroxide  until  a  faint  permanent  cloudiness  remained. 
The  solution  was  filtered  and  alcohol  was  added  slowly  with  shak- 
ing imtil  a  sUght  permanent  precipitate  was  produced.  The 
solution  was  again  filtered,  a  few  grams  of  barium  chloride  were 
added,  and  the  whole  was  allowed  to  stand  at  room  temperature 
for  24  hours.  The  barium  sal':  separated  slowly  as  a  compact 
mass  consisting  of  rosettes  or  globular  masses  of  microscopic 
needles.  The  substance  was  recrystallized  in  this  manner  three 
times.  The  crystalline  precipitate  was  finally  washed  in  dilute 
alcohol  until  free  from  chlorides  and  then  in  absolute  alcohol  and 
ether.  For  analysis  portions  of  this  material  were  further  recrys- 
tallized as  follows. 

Preparation  of  Heptabarium  Inosite  Hexaphosphaie, 

10  gm.  of  the  above  substance  were  dissolved  in  dilute  hydro- 
chloric acid,  the  free  acid  was  nearlv  neutralized  with  a  dilute 
solution  of  barium  hydroxide,  and  the  solution  filtered.    To  this 
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were  added  10  gm.  of  barium  chloride  and  the  solution  was 
allowed  to  stand  at  room  temperature  for  2  days.  The  substance 
separated  slowly  as  a  heavy  compact  crystalline  crust  which 
consisted  of  small  rosettes  of  microscopic  needle-shaped  crystals. 
It  wajs  recrystaUized  a  second  time  in  the  same  way  and  was 
then  filtered,  washed  with  water  until  free  from  chlorides,  and 
finally  washed  in  alcohol  and  ether  and  dried  in  the  air. 

For  analysis  the  substance  was  dried  at  105°  in  vacuimi  over 
phosphorus  pentoxide.    It  lost  on  drying  10.91  per  cent  of  HjO. 

Found:  C  =  6.25;  H  =  1.16;  P  =  16.32;  Ba  =  42.55  per  cent. 

A  second  preparation  recrystallized  as  above  gave  the  following 
result. 

Found:  C  =  6.42;  H  =  1.22;  P  ^  16.34;  Ba  =  42.55;  H^O  =  9.71  per 
cent. 

Calculated  for  (C6HiiO,4Pe)j  Bay  +  14  H,0:  C  =  6.35;  H  =  0.97;  P  = 
16.40;  Ba  =  42.39;  HjO  =  10.00  per  cent. 

Preparation  of  Tribarium  Inosite  Hexaphosphate. 

10  gm.  of  the  purified  barium  salt  were  dissolved  in  dilute 
hydrochloric  acid  and  the  filtered  solution  was  precipitated  by 
adding  an  equal  volume  of  95  per  cent  alcohol.  The  amorphous 
precipitate  after  standing  for  about  24  hours  in  contact  with  the 
mother  liquor  assumes'  a  crystalUne  form  which  appears  to  be 
identical  with  that  described  above;  i.e.,  it  consists  of  very 
minute  rosettes  of  microscopic  needles.  It  was  then  filtered  and 
washed  with  30,  50,  and  95  per  cent  alcohol  until  free  from  chlo- 
rides and  after  displacing  the  alcohol  with  ether  the  substance 
was  dried  in  vacuum  over  sulfuric  acid.  The  product  was  recrys- 
tallized three  times  in  this  manner.  It  was  obtained  as  a  snow- 
white,  bulky,  crystalline  powder  which  gave  no  reactions  for 
either  chlorides  or  inorganic  phosphate. 

For  analysis  it  was  dried  in  vacuum  at  105°  over  phosphorus 
pentoxide. 

Found:  C  =  6.73;  H  =  1.69;  P  =  16.93;  Ba  =  38.60  per  cent. 

C  =  6.79;  H  =  1.30;  P  =  17.10;  Ba  =  39.00     "     " 
Calculated  for  C«H„0,4PeBa3:  C  =  6.75;  H  =  1.12;  P  =  17.44;  Ba  - 
38.65  per  cent. 


R.  J.  Anderson  437 

Preparation  of  the  Silver  Salt. 

3  gm.  of  the  recrystallized  heptabarium  salt  were  suspended  in 
water  and  the  barium  was  precipitated  with  a  slight  excess  of 
sulfuric  acid.  After  the  barium  sulfate  had  been  filtered  oflF, 
the  solution  was  precipitated  with  copper  acetate.  The  copper 
salt  was  filtered,  washed,  suspended  in  water,  and  decomposed 
with  hydrogen  sulfide.  After  the  copper  sulfide  was  filtered  off 
and  the  excess  of  hydrogen  sulfide  was  removed  with  a  current 
of  air  a  colorless  solution  of  the  free  acid  was  obtained.  10 
cc.  of  this  filtrate  were  titrated  with  0.1  n  NaOH  and  the  calcu- 
lated quantity  of  ammonia  was  added  to  the  balance  of  the 
solution.  This  produced  a  sUghtly  alkaUne  reaction.  Silver 
nitrate  was  added  in  slight  excess.  The  heavy  white  precipitate 
of  the  silver  salt  was  filtered  and  washed  thoroughly  in  water 
and  then  dried  in  vacuum  over  sulfuric  acid.  The  silver  salt  was 
a  nearly  white,  heavy,  amorphous  powder. 

It  was  analyzed  after  drying  at  105°  in  vacuum  over  phos- 
phorus pentoxide.    It  turned  quite  dark  in  color  on  drying. 

Found:  C  =  3.82;  H  =  0.49;'P  =  9.56;  Ag  =  66.08  per  cent. 

P  =  9.67;  Ag  =  66.18    "      " 
Calculated  for  C«H({0j4P»Ag,i:  C  =  3.70;  H  =  0.30;  P  =  9.67;  Ag  =- 
66.64  per  cent. 

Another  silver  salt  was  prepared  in  the  same  way  as  above 
except  that  it  was  made  from  a  phytic  acid  preparation  which 
had  been  purified  as  a  crystalline  strychnine  salt. 

Found:  C  =  3.90;  H  =  0.64;  P  =  9.48;  Ag  =  66.66  per  cent. 

These  preparations  are  apparently  neutral  silver  salts  of  inosite 
hexaphosphoric  acid.  All  other  silver  salts  which  have  been 
prepared  and  analyzed  have  been  acid  salts.  It  was  hoped  that 
a  neutral  ester  of  inosite  hexaphosphoric  acid  might  be  obtained 
by  the  action  of  methyl  iodide  upon  the  neutral  silver  salt.  How- 
ever, all  attempts  to  prepare  such  an  ester  were  imsuccessful  and 
only  strongly  acid  syrups  were  obtained. 
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SUMMARY. 

Data  obtained  from  the  analyses  of  carefully  purified  and 
recrj'^stallized  barium  salts  of  the  oi-ganic  phosphorus  compound 
of  wheat  bran  are  in  close  agreement  vnih  the  calculated  com- 
position of  baiium  salts  of  inosite  hexaphosphoric  acid. 

Silver  salts  were  prepared  from  the  acid  and  these  were  found 
to  agree  with  the  formula  C5H6024PeAgi2. 

The  composition  of  phytic  acid  of  plants  as  determined  from 
the  analyses  of  salts  of  this  acid  corresponds  to  inosite  hexaphos- 
phoric acid,  C6H18O24P5  or  CeH606(PO(OH)2)6. 


EXPERIMENTAL  STUDIES  ON  GROWTH. 

XVI.    THE  INFLUENCE  OF  BRAIN  TISSUE,  FREED  FROM  CHOLES- 
TEROL, UPON  THE  GROWTH  OF  THE  WHITE  MOUSE. 

By  T.  BRAILSFORD  ROBERTSON  and  L.  A.  RAY. 

(From  the  Department  of  Physiology  and  Biochemistry,  University  of  Ade' 

laide,  South  Australia,  and  the  Department  of  Biochemistry, 
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(Received  for  publication,  August  8,  1920.) 
Statement  of  thh  Problem. 

There  are  many  observations,  hitherto  isolated,  which,  when 
taken  together,  point  towards  the  nervous  system  as  the  source  of 
some  very  decisive  stimulant  of  the  growth  of  parenchymatous 
tissues. 

Thus  Child  has  shown  that  in  planarians  the  metabolic  gradient 
ascends  as  we  approach  the  nervous  centers  (1).  Loeb  has 
shown  that  pieces  of  marine  Planaria  which  contain  nervous 
tissue  regenerate  more  rapidly  than  those  which  do  not  (2). 
Morgan  has  shown  that  excision  of  an  adjacent  piece  of  the  nerve 
cord  in  earthworms  delays  or  prevents  regeneration  (3).  The 
regeneration  of  the  eye  in  crustaceans  is  similarly  dependent 
upon  the  integrity  of  the  optic  ganglion  (4). 

On  the  other  hand  Friedenthal  has  drawn  attention  to  a  remark- 
able relationship  which  subsists  between  the  ratio  of  brain  weight 
to  weight  of  living  tissue  (cephalization  factor)  and  the  longevity 
of  any  species  of  a  given  natural  order  (5).  The  weight  of  living 
tissues,  exclusive  of  supporting  tissues,  is  estimated  to  be  pro- 
portional to  the  two-thirds  exponent  of  'the  body  weight  (6). 
This  relationship  is  illustrated  by  the  data  in  Table  I  cited  after 
Friedenthal*.^ 

1  The  life  duration  of  the  mouse,  computed  from  our  own  observations, 
has  been  added  to  the  table.  The  estimate  of  human  life  duration  is 
somewhat  reduced. 
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Now  we  have  shown  (7, 8)  that  substances  and  conditions  which 
promote  longevity  in  mice  also  exert  an  influence  upon  their 
growth,  an  influence  which  is  of  such  a  character  as  to  denote 
stimulation  of  the  growth  of  parenchymatous  tissues  to  the 
detriment  of  the  growth  of  competing  (sclerous)  tissues.  If, 
therefore,  the  possession  of  a  high  cephalization  factor  conduces 
to  the  longevity  of  animals  we  should  also  expect  it  to  affect  the 
contour  of  the  growth  curve,  and  the  growth  curve  of  animals  to 
which  substances  have  been  administered  which  accelerate  the 


TABL£  I. 


Species. 


Cephalutation  factor. 


Maximal  life  duration 
(Hansemann). 


Mammals. 


Man 

Elephant. 

Horse 

Dog 

Cat 

Ox 

Squirrel.. 
Mouse.. . 


2.67  to  2.81 
1.24  "  1.34 


0.43 

0.34 

0.29 

0.3 

0.16 


« 


« 


u 


li 


u 


0.57 

0.51 

0.34 

0.4 

0.2 


0.04 


yn. 

80  to  130 
90  "   100 

45 

12  to  20 

20 

30 

6 

3 


Birds. 

Carrion  crow 

Parrots 

0.168 

0.147  to  0.177 

0  114 

0086 

o.o;«3 

0.0249 

100  (?) 

100  (?) 

50 

8 

15 

10  to  20 

Alpine  crow .* 

Finch 

Pheasant 

Fowl 

growth  of  parenchyma  should  display  departures  from  the  normal 
curve  approximating  towards  the  growth  curve  of  animals  which 
possess  a  higher  cephalization  factor. 

Our  quantitative  data  concerning  the  growth  of  animals  are, 
unfortunately,  so  scanty  that  we  possess  but  few  standards  of 
comparison.  We  are  in  a  position,  however,  to  compare  the 
growth  of  an  animal  having  a  very  low  cephaUzation  factor, 
namely  the  mouse,  with  that  of  human  beings,  possessing  a  very 
high  cephalization  factor.  Such  a  comparison  is  graphically 
displayed  in  Figs.  1  and  2. 
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The  data  for  the  growth  of  human  beings  are  derived  from  the 
measurements  of  Quetelet  (9).  More  extensive  measurements  of 
human  growth  for  restricted  growth  periods  are  available,  but 
the  measurements  of  Quetelet  cover  the  whole  period  of  growth, 
and  in  every  feature  which  is  at  all  essential  to  our  comparison 
the  curve  of  human  growth,  as  depicted  by  Quetelet,  has  been 
confirmed  by  subsequent  observations.  The  data  for  the  growth 
of  mice  are  taken  from  those  for  our  1914  normals,"  which  have 
been  published  in  a  previous  article  of  this  series  (10).  The 
scales  of  weight  and  time  are  so  chosen  that  the  two  curves  reach 
the  same  level  at  approximately  their  maximum  ordinates. 

Each  of  the  complete  growth  curves  shows  three  waves  or 
cycles  of  alternately  rapid  and  slow  growth  (11).  The  position 
of  these  cycles  is  indicated  in  the  figures  by  Roman  numerals. 

These  comparisons  at  once  reveal  the  fact  that  the  human 
growth  curve  differs  from  the  growth  curve  of  the  mouse  in  the 
relatively  enormous  prolongation  of  the  second  growth  cycle  and 
the  great  delay  in  the  development  of  the  third  cycle.  This 
period  of  delay  is  succeeded  by  a  period  of  very  rapid  growth 
which  culminates  quickly  in  the  maximum  weight  of  maturity. 
The  curve  then  declines  very  slowly  towards  senescence.  The 
growth  curve  for  the  mouse,  on  the  contrary,  shows  an  abbre- 
viated second  cycle  merging  with  hardly  any  pause  or  slackening 
of  growth  into  the  third  cycle,  which,  however,  does  not  quickly 
attain  a  maximum,  but  continues  to  display  accretion  of  weight, 
until  a  relatively  advanced  age  is  attained.  Thus  a  human  being 
at  30  years  of  age  has  probably  only  lived  for  half  his  normal 
life  duration  (epidemics  and  accidents  apart),  while  the  mouse  at 
84  weeks  of  age  has  lived  over  four-fifths  of  its  life.  Nevertheless 
the  hmnan  being  has  long  since  ceased  to  gain  weight  and  the 
mouse  is  still  growing,  a  phenomenon  which  is  of  significance  in 
view  of  the  fact  that  late  accretion  of  weight  in  mice  has  been 
shown  to  be  unfavorable  to  their  longevity  (8). 

A  comparison  with  the  curve  of  growth  for  mice  which  have 
received  4  mg.  of  tethelin  per  day,  which  prolongs  the  duration 
of  their  life  from  80  to  100  days,  shows  that  the  departures  from 
the  normal  growth  curves  which  are  displayed  in  the  growth 
of  tcthelin-fod  mice  are  such  as  to  bring  the  mouse  curve  into 
somewhat  closer  approximation  to  the   human  (Fig.   1).    The 
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same  prolongation  of  the  second  cycle  is  seen,  in  lesser  degree, 
and  delay  in  the  onset  of  the  third  cycle,  succeeded  by  a  measure 
of  compensatory  acceleration.  Furthermore  the  later  part  of  the 
curve  remains  parallel  to  the  base  line  or  descends,  as  in  the 
human  curve,  indicating  a  diminished  late  accretion  of  tissue. 

The  growth  curve  of  mice  which  have  received  40  mg.  of  cho- 
lesterol per  day  (Fig.  2)  resembles  in  general  outline  the  growth 
curve  of  mice  which  have  received  4  mg.  of  tetheUn  per  day. 
The  prolongation  of  life  which  might  otherwise  be  displayed  by 
these  animals  is,  however,  prevented  by  the  secondary  deleterious 
effects  of  the  extensive  deposits  of  cholesterol  which  are  formed 
in  various  organs  of  animals  receiving  excessive  amounts  of 
cholesterol  by  mouth  (12). 

The  facts  which  are  brought  out  by  this  comparison  are  there- 
fore in  harmony  with  the  view  that  the  nervous  system  exerts  an 
influence  upon  the  growth  of  the  other  tissues  of  the  body  which 
is  analogous  in  kind  to  that  exerted  by  administrations  of  tethelin 
or  cholesterol,  but  more  intense  in  degree. 

Two  possible  alternatives  now  present  themselves;  namely, 
(a)  that  the  nervous  system  promotes  the  anabolism  of  paren- 
chyma by  the  conduction  of  stimuU  to  it — ^the  so  called  "trophic 
influence''  of  nerves,  and  (6)  that  the  nervous  system  promotes 
the  anabolism  of  parenchyma  by  the  elaboration  of  a  catalyzer 
which  is  Uberated  from  the  nervous  tissues  and  officiates  as  a 
growth  hormone. 

It  is  exceedingly  difficult  with  the  information  at  present  in 
our  possession  to  distinguish  between  these  two  possibiUties. 
The  difficulty  becomes  apparent  when  we  consider  that  the  devel- 
opment of  the  catalyzer  by  the  nervous  tissues  may  be  a  by- 
product of,  and  therefore  dependent  upon,  their  acti\dty  as  con- 
ducting tissues.  It  would  be  surprising  if,  in  tissues  so  highly 
specialized  for  the  purposes  of  conduction,  an  interruption  of 
this  function  did  not  disturb  or  eventually  transform  their  meta- 
boUc  activities,  and,  indeed,  the  fact  that  the  metaboUc  activities 
of  nervous  tissues  are  dependent  upon  their  conducting  function 
is  shown  by  the  phenomenon  of  secondary  Wallerian  degeneration. 

On  the  other  hand,  the  phenomena  of  dystrophy,  following 
upon  nerve  section,  would  appear  to  militate  against  the  chem- 
ical view  of  the  trophic  function  of  the  nervous  system,  since  a 
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hormone  liberated  from  nervous  centers  elsewhere  might  be 
expected,  from  the  analogies  provided  by  other  hormones,  to 
reach  the  tissues  through  the  medium  of  the  circulation  and 
independently  of  their  immediate  nervous  connections.  The 
question  is  not  settled  by  this  simple  consideration,  however,  for 
two  possibilities  still  exist;  namely,  (1)  that  the  basic  generalized 
supply  of  hormone  liberated  by  the  nervous  system  is  insufficient 
for  the  total  needs  of  the  tissues  and  must  be  supplemented  by  a 
local  supply,  and  (2)  that  the  hormone  does  not  travel  in  the 
aqueous  fluids  of  the  body,  but  in  the  nerve  trunks  themselves 
(13),  in  this  respect  behaving  analogously  to  tetanus  toxin, 
which  travels,  however,  centripetally  from  a  peripheral  source 
of  supply  (14),  instead  of  centrifugally  from  a  central  source  of 
supply  as  this  hypothetical  hormone  would  do.  Needless  to  say, 
these  possibilities  are  not  mutually  exclusive  and  both  of  them 
may  be  true,  and  it  may  also  be  true  that  a  succession  of  nervous 
impulses  is  required  to  maintain  the  normal  nutrition  of  tissues 
which,  by  specialization,  have  become  dependent  upon  conduct- 
ing tissues. 

It  is  impossible  to  disentangle  these  various  alternatives  by 
any  method  other  than  that  of  direct  experiment  in  which  the 
several  factors  which  we  have  enumerated  are  dissociated.  While 
we  cannot  at  present  dissociate  the  stream  of  impulses  impinging 
on  a  tissue  from  the  metaboUc  activities  of  the  nerve  tissues 
which  conduct  them,  we  can  administer  to  animals  or  to  indi- 
vidual tissues  the  chemical  components  of  nervous  tissue  in 
excess  without  modification  of  their  nerve  supply.  The  absorp- 
tion of  such  substances  from  the  alimentary  tract  presents  no 
greater  difficulty  than  the  absorption  of  strychnine,  which, 
shortly  after  administration  by  mouth,  is  found  to  be  confined  to 
the  nervous  tissues  of  the  animal  to  which  it  has  been  admin- 
istered, or  than  the  absorption  of  cholesterol,  so  large  a  component 
of  nervous  tissues  which  is  insoluble  in  water,  but  is  nervertheless 
absorbed  preformed  (15)  and  carried  to  the  nervous  tissues  in  a 
condition  of  emulsification. 

The  effect  of  cholesterol  itself  upon  the  growth  of  animals  is 
known  (16,  17).  As  we  have  seen,  the  effect  of  40  mg.  of  cho- 
lesterol daily  is  comparable  to  the  effect  of  4  mg.  of  tethelin  and 
the  effect  of  this,  in  turn,  is  far  inferior  to  the  influence  of  a  high 
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cephalization  factor  upon  the  time  relations  of  growth  in  animals. 
Obviously,  therefore,  if  a  catalyzer  of  growth  is  manufactured  by 
nervous  tissues  it  cannot  be  cholesterol  itself,  but  some  other 
substance  far  more  potent  in  its  effects  than  cholesterol. 

The  presence  of  cholesterol  in  brain  tissue  would  in  any  case 
lead  to  alterations  of  the  normal  time  relations  of  growth  in 
animals  to  which  the  tissue  was  administered.  To  ascertain  the 
possible  effect  of  other  components  upon  the  growth  of  animals, 
therefore,  it  was  necessary  first  of  all  to  remove  the  cholesterol 
from  the  tissue.  It  was  clearly  recognized  that  this  procedure 
might  also  result  in  the  removal  of  the  substance  for  which  we 
were  seeking.  In  that  case,  however,  the  search  for  such  a  sub- 
Stance  would  be  narrowed  down  to  the  various  products  which 
are  soluble  in  the  agent  (cold  acetone)  employed  to  extract  the 
cholesterol.  If,  on  the  other  hand,  decholesterinized  brain 
tissue  were  actually  foimd  to  exercise  a  decisive  influence  upon 
the  growth  of  animals,  the  existence  of  a  potent  catalyzer  of 
growth  in  nervous  tissue,  other  than  cholesterol,  would  be  thereby 
estabUshed.  We  accordingly  undertook  the  investigation  of  the 
effects  of  decholesterinized  brain  tissue  upon  the  growth  of  the 
white  mouse. 

Methods  of  Investigation, 

The  decholesterinized  brain  tissue  was  prepared  by  the  method 
outlined  by  Rosenheim  for  the  complete  extraction  of  cholesterol 
from  brain  (18,  19).  5.5  kilos  of  minced  ox  brain  were  extracted 
with  5.5  liters  of  acetone  at  room  temperature  for  24  hours,  the 
mixture  being  stirred  from  time  to  time.  The  fluid  was  then 
removed  by  filtration  through  several  thicknesses  of  cheese-cloth, 
and  the  tissue  squeezed  between  several  layers  of  cheese-cloth  to 
remove  the  greater  part  of  the  adhering  Uquid.  The  tissue  was 
then  again  suspended  in  5.5  liters  of  acetone,  with  occasional 
stirring,  for  24  hours  and  the  above  process  was  repeated.  In 
all,  seven  extractions  were  performed,  the  first  three  for  24  hours 
each,  the  last  four  for  12  hours  each.  We  found  that  the  last 
extract  contained  only  inappreciable  traces  of  cholesterol.  Rosen- 
heim reports  that  six  extractions  with  cold  acetone  are  suflScient 
to  remove  all  the  cholesterol  from  brain  tissue. 


T.  B.  Robertson  and  L.  A.  Ray  447 

The  extracted  tissue  was  dried  by  spreading  it  out  in  a  thin 
layer  upon  glass  plates  and  blowing  a  gentle  current  of  air  over 
it  for  24  hours.  It  was  then  finely  pulverized  in  a  coffee  mill 
and  spread  out  to  dry  in  still  air  for  another  48  hours.  The 
yield  of  dry  decholesterinized  tissue  from  5.5  kilos  of  brain  was 
990  gm.  Hence  1  kilo  of  fresh  brain  tissue  corresponded  to  180 
gm.  of  the  dry  decholesterinized  substance. 

The  daily  dosage  per  mouse  was  arbitrarily  fixed  at  36  mg. 
It  was  felt  that  this  large  dose,  corresponding  to  200  mg.  of  fresh 
brain  tissue,  would  certainly  reveal  the  presence  of  any  potent 
catalyzer  of  growth  by  decisive  effects  upon  the  time  relations  of 
growth.  According  to  Rosenheim  1  kilo  of  fresh  brain  tissue 
contains  20  gm.  of  mixed  cerebrosides  (19).  Hence  36  mg.  con- 
tained 4  mg.  of  cerebrosides,  a  dose  of  this  particular  group  of 
brain  constituents  equal  to  the  dosage  of  tethelin  which,  in  the 
experifnents  cited  above,  was  found  effective  in  causing  marked 
departure  from  the  normal  growth  curve  in  mice. 

The  animals  employed  in  the  experiment  were  taken,  without 
selection,  from  Utters  4  or  5  weeks  old.  Thirty-six  males  and 
the  same  nmnber  of  females  received  the  above  mentioned  dosage 
of  brain  tissue  mixed  with  their  daily  supply  of  egg  (5  cc.  of  mixed 
white  and  yolk  for  six  mice).  Since  the  growth  curve  of  our  nor- 
mals had  been  previously  found  to  alter  from  year  to  year  (10) 
we  simultaneously  set  aside  thirty-six  males  and  thirty-six  females 
to  serve  as  controls.  So  far  as  practicable  the  experimental  and 
the  control  animals  were  alternately  chosen  from  the  same  litters. 
Thus  every  Utter  containing  four  males,  for  example,  contributed 
two  to  the  experimental  and  two  to  the  control  group.  The 
control  animals  received  in  every  respect  the  same  diet  as  the 
experimental  animals  with  the  exception  that  decholesterinized 
brain  tissue  was  absent  from  the  diet  of  the  controls.  The  tech- 
nique of  the  experiments  and  the  items  of  the  dietary  were  the 
same  as  in  experiments  previously  described  (20),  with  the  excep- 
tions that  crushed  oats  were  given  instead  of  roUed  barley,  cab- 
bage leaves  twice  a  week  in  place  of  lettuce,  and  dry  unsweetened 
biscuit  (**Pilot  bread")  on  Sundays  in  place  of  dried  baker's 
breai  The  animals  were  weighed  weekly  to  within  the  nearest 
0.5  gm. 
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The  allowance  of  egg,  whether  containing  brain  tissue  or  not, 
was  not  completely  eaten  for  the  first  2  or  3  weeks.  The  amount 
of  egg  left  unconsumed,  however,  was  not  greater  in  the  one 
group  of  animals  than  in  the  other.  After  the  first  3  weeks  the 
egg  was  generally  completely  consmned  each  day.  The  decho- 
lesterinized  brain  tissue,  with  the  exception  of  a  few  shreds  of 
fibrous  tissue,  readily  formed  an  emulsion  when  rubbed  up  with 
the  egg,  so  that  rejection  of  the  tissue  by  animals  which  con- 
siuned  the  egg  was  impossible. 

Experimental  Residis. 

The  results  of  the  weighings  from  the  4th  to  the  13th  week, 
when  the  experiment  was  terminated,  are  enumerated  in  Tables 
II  and  III.  It  will  be  seen  that  the  deviation  of  the  weights  of 
the  experimental  animals  from  those  of  the  control  animals  did 
not,  in  the  case  of  the  males,  exceed  the  probable  error  of  the 
estimate.  The  differences  observed  were  therefore  of  a  fortuitous 
character.  In  the  case  of  the  females  somewhat  greater  varia- 
tions were  observed.  Subsequently  to  the  10th  week  the  varia- 
tions from  normaUty  averaged  about  twice  the  probable  error, 
the  chance  of  their  being  fortuitous  being  about  one  in  five. 
Subsequently  to  the  23rd  week  and  until  the  30th  the  observed 
variations  were  three  times  the  probable  error,  the  chance  of  a 
fortuitous  origin  being  still  as  much  as  one  in  twenty  (10). 

When  we  compare  these  results  with  the  consistent  deviations 
from  normality,  amounting  to  five  or  six  times  the  probable  error, 
which  are  displayed  by  animals  receiving  4  mg.  of  tethelin  or  40 
mg.  of  cholesterol  daily  (17),  it  is  evident  that  the  results  obtained 
in  this  experiment  do  not  afford  any  evidence  for  the  existence  of 
a  growiih  catalyzer  in  decholesterinized  brain  tissue.  The  abso- 
lutely negative  result  obtained  with  the  male  animals  may,  in 
fact,  be  taken  to  disprove  the  presence  of  any  such  substance  in 
the  preparation  administered  to  them. 

Such  variations  from  the  weights  of  the  control  animals  as 
were  observed,  however,  were  in  the  same  sense  in  both  males 
and  females,  the  experimental  animals  being  in  each  case  slightly 
superior  in  weight  to  the  control  animals  subsequently  to  the 
10th  week  of  age  or  6th  week  of  the  experiment.     This  fact  may 
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possibly  have  some  significance^  but  such  significance  as  it  pos- 
sesses is  probably  quite  unconnected  with  the  presence  of  any 
specific  growth  hormone  in  the  preparations  administered.     Such 


TABLE  II. 


Age. 

No.  weighed. 

Weight. 

Deviation  from 
normal  of  1919. 

Timen  probable 

error  of 

difiPerence. 

Variability. 

uik$. 

gm. 

gm: 

percent 

4 

27 

10.31 

+0.41 

0.8 

23.7 

5 

36 

11.65 

+0.41 

1.1 

20.9 

6 

36 

12.99 

-0.11 

0.3 

20.6 

7 

36 

14.68 

.   +0.05 

0.1 

19.3 

8 

36 

15.71 

-0.35 

0.8 

17.8 

9 

36 

16.53 

-0.43 

1.0 

17.2 

10 

36 

17.39 

+0.13 

0.3 

16.8 

11 

36 

18.03 

+0.27 

0.6 

15.0 

12 

36 

18.24 

+0.12 

0.3 

15.8 

13 

36 

19.00 

+0.31 

0.7 

15.4 

14 

36 

19.36 

+0.43 

0.9 

14.6 

15 

36 

19.90 

+0.91 

1.8 

13.8 

16 

36 

20.03 

+0.47 

0.9 

15.4 

17 

36 

20.76 

+0.66 

1.3 

14.8 

18 

36 

20.82 

+0.45 

0.9 

14.3 

19 

36 

21.25 

+0.53 

1.0 

14.1 

20 

36 

21.60 

+0.48 

0.9 

13.4 

21 

36 

21.82 

+0.38 

0.7 

14.6 

22 

36 

22.08 

+0.66 

1.2 

14.4 

23 

35 

21.86 

+0.03 

0.1 

16.4 

24 

35 

22.10 

-0.04 

0.1 

13.5 

25 

34 

22.76 

+0.64 

1.3 

12.0 

26 

34 

22.97 

.   +0.52 

1.0 

11.5 

27 

34 

22.88 

+0  32 

0.6 

12.2 

28 

34 

23.06 

+0.26 

0.5 

11  6 

29 

34 

23.41 

+0.61 

1.2 

11.8 

30 

29 

23  26 

+0.43 

0.7 

12.4 

a  slight  difference  might  arise  from  no  other  source  than  the 
greater  variety  of  constituents  in  the  dietary  of  the  animals  which 
received  the  decholesterinized  brain  tissue. 
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TABLE  III. 


Affe. 

No.  weighed. 

Weight. 

• 

Deviation  from 
normal  of  1019. 

Times  probable 

error  of 

difference. 

Variability. 

trJir«. 

gtn. 

Om. 

percent 

4 

22 

9.18 

-0.53 

1.1 

26.7 

5 

35 

10.79 

-0.33 

1.1 

16.4 

6 

35 

12.39 

-0.11 

0.3 

14.3 

7 

35 

13.63 

-0.06 

0.2 

12.5 

8 

35 

14.63 

-fO.18 

0  5 

12.9 

9 

35 

15.41 

+0.32 

1.0      . 

11.4 

10 

35 

15.81 

-f0.12 

0.4 

12.2 

11 

35 

16.66 

+0.64 

1.9 

11.3 

12 

35 

17.21    • 

+0.fr4 

1.9 

11.0 

13 

35 

17.fr4 

+0.50 

1.8 

10.4 

14 

35 

18.17 

+0.84 

2.4 

11.0 

15 

35 

18.51 

+0.72 

2.1 

10.4 

16- 

35 

18.47 

+0.43 

1.2 

11.0 

17 

35 

18.93 

+0.45 

1.2 

10.4 

18 

35 

19.20 

+0.84 

2.3 

10.7 

19 

35 

19.61 

+0.91 

2.5 

9.9 

20 

35 

19.66 

+0.68 

1.7 

10.4 

21 

35 

20.10 

+0.99 

2.8 

9.8 

22 

35 

20.33 

+0.95 

2.5 

9.7 

23 

35 

20.30 

+0.91 

2.4 

9.1 

24 

35 

20.67 

+1.04 

2.7 

9.1 

25 

35 

20.67 

+1 .  10 

2.8 

9.6 

26 

35 

21.11 

+1.38 

3.4 

9.6 

27 

35 

21.14 

+1.34 

3.1 

9.7 

28 

35 

21.34 

+1.50 

3.4 

10.8 

29 

35 

21  16 

+1  36 

3.0 

10.3 

30 

29 

21  43 

+1.48 

3.1 

11.0 

Discussion  of  Results. 

The  absence  of  any  decisive  effect  upon  growth  of  as  large  a 
dose  as  36  mg.  per  mouse  per  day  of  decholesterinized  brain  tissue 
may  be  taken  to  indicate  either  that  brain  tissue  contains  no 
growth  catalyzer  other  than  cholesterol,  or  that  all  the  substances 
in  brain  tissue  which  are  capable  of  influencing  growth  are  con- 
tained, with  the  cholesterol,  in  the  cold  acetone  extract. 

The  alternative  still  remains  that  the  sought  for  growth  hor- 
mone is  actually  present  in  the  residue  after  acetone  extraction 
but  is  not  absorbed,  either  because  it  is  of  such  a  character  as 


T.  B.  Robertson  and  L.  A.  Ray  451 

not  to  be  transmissible  through  ordinary  (non-nervous)  tissues  or 
because  it  is  decomposed  with  destruction  of  its  growth-influenc- 
ing powers,  by  the  action  of  the  digestive  juices.  If,  however, 
the  substance  were  so  difficultly  transmissible  through  ordinary 
tissues  as  to  render  impossible  its  absorption  from  the  digestive 
tract  then  neither  could  it  be  distributed  from  the  nerve  fibers 
through  the  cells  and  tissues  which  they  innervate.  On  the  other 
hand  the  growth-influencing  substances  with  which  we  have 
hitherto  become  acquainted  do  not  lose  their  power  of  affecting 
growth  by  exposure  to  the  hydrolyzing  enzymes  of  the  stomach 
and  upper  intestine. 

The  decholesterinized  brain  tissue  whi^h  was  employed  in  these 
experiments  still  contained,  practically  without  diminution,  all 
the  phosphatides  and  oerebrosides  of  nervous  tissue.  The  nega- 
tive result  obtained  with  this  preparation  therefore  stands  in 
sharp  contrast  to  our  positive  results  previously  obtained  with 
crude  lecithin  from  eggs  (21).  While  the  dosage  of  lecithin 
employed  in  our  previous  experiments  was  larger  than  in  the 
present  experiments,  we  are  inclined,  in  the  light  of  the  above 
results,  to  attribute  oiu*  positive  findings  in  the  case  of  egg  lecithin 
to  incomplete  purification,  and  probably  to  incomplete  removal 
of  acetone-soluble  substances. 

SUMMARY. 

1.  The  nervous  system  can  be  shown  (a)  by  its  importance  for 
the  regeneration  of  lost  parts,  (b)  by  the  significance  of  the  ratio 
of  brain  weight  to  body  weight  in  determining  the  longevity  of 
animals,  and  (c)  by  the  dystrophy  following  upon  nerve  section, 
to  exert  a  stimulating  influence  upon  the  growth  of  parenchy- 
matous tissues. 

2.  The  stimulation  of  growth  by  nervous  tissues  may  conceiv- 
ably be  due  either  to  the  nervous  impulses  conducted  by  them  or 
to  a  substance  officiating  as  a  growth  hormone  which  is  conducted 
to  the  tissues  wholly  or^in  part  through  nerve  fibers. 

3.  In  conformity  with  the  latter  view  it  is  shown  that  sub- 
stances which  stimulate  the  growth  of  parench3ana  in  noice  so 
modify  the  time  relationships  of  growth  as  to  bring  about  an 
approximation  of  the  growth  curve  for  mice  towards  the  form*of 
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the  growth  curve  for  human  beings,  in  which  the  ratio  of  brain 
weight  to  body  weight  is  much  higher  than  it  is  in  mice. 

4.  Cholesterol  has  previously  been  shown  to  modify  the  growth 
of  mice  in  the  manner  indicated.  Its  effect,  even  in  high  dosage, 
is,  however,  much  less  than  the  effect  of  a  high  ratio  of  brain 
weight  to  body  weight.  If  the  nervous  S3n3tem  affects  growth 
through  the  agency  of  a  specific  catalyzer  or  hormone,  therefore, 
this  substance  must  be  much  more  potent  than  cholesterol. 

5.  It  is  shown  that  brain  tissue  from  which  the  cholesterol  has 
been  extracted  by  cold  acetone,  administered  by  mouth  in  dosage 
of  36  mg.  daily,  is  without  effect  upon  the  growth  of  mice. 

6.  It  is  inferred  that  if  nervous  tissues  do  contain  a  potent 
catalyzer  of  growth  other  than  cholesterol  it  is  also  soluble  in 
eold  acetone  and  is  removed  from  the  brain  in  the  process  of 
extracting  the  cholesterol. 
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Canada.) 

(Reoeived  for  publication,  September  9,  1920.) 

The  ^^isolation"  of  the  diastatic  ferments  dates  back  to  Payen 
and  Persoz  (1)  who  in  1833  precipitated  a  substance  called  dias- 
tase from  extract  of  malt.  In  1846  Magendie  (2)  drew  attention 
to  the  diastatic  properties  of  the  blood,  and  showed  that  blood 
was  able  to  split  starch  to  dextrin  and  glucose.  Since  that  time 
an  enormous  Uterature  has  grown  up  dealing  with  almost  every 
phase  of  diastatic  activity.  Most  of  these  older  writings  refer  to 
work  on  the  experimental  animals,  Foster  (3)  being  one  of  the 
few  whose  studies  refer  to  the  diastases  in  diabetes.  He  reports 
a  diminished  excretion  of  the  ferment  in  diabetic  urine,  and  he 
also  emphasizes  the  fact  that  this  starch-spUtting  power  of  the 
urine  is  not  due  to  any  bacterial  growth,  but  results  from  the 
action  of  a  specific  amylolytic  ferment. 

Site  of  Origin  of  the  Ferment  in  the  Body, 

The  diastases  have  such  a  widespread  distribution  throughout 
the  body  that  there  is  some  doubt  as  to  where  they  are  actually 
produced.  They  are  found  in  the  cells  of  the  pancreas,  the  sal- 
ivary glands,  the  liver,  blood,  l3anph,  muscles,  arid  the  kidneys 
(4).  Schlesinger  (5)  believes  that  most  of  the  tissue  diastases 
are  formed  by  the  pancreas  and  distributed  throughout  the  body 
by  means  of  the  blood  stream.  The  reaction  of  the  blood  dias- 
t-ases  to  a  complete  removal  of  the  pancreas  is  of  interest  in  this 
regard.  Immediately  after  the  operation  there  is  a  sharp  drop 
in  the  diastase,  as  if  the  principal  source  of  supply  was  cut  off, 
but  within  4  or  5  days  the  ferment  returns  to  normal  levels.  This 
points  to  the  production  of  the  ferment  by  the  tissues  at  large,  as 
well  as  by  the  pancreas,  although  the  latter  may  well  be  the  prin- 
cipal source  of  supply  under  normal  conditions. 
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Rdle  of  the  Diastase  in  the  Blood, 

A  question  closely  allied  to  the  above  is  whether  the  blood 
diastase  has  any  importance  in  the  production  of  the  hyper- 
glycemia of  diabetes  and  nephritis,  or  whether  it  is  merely  a 
substance  discarded  by  the  cells  and  on  its  way  to  the  excretory 
organs.  It  is  generally  believed  that  there  is  an  increased  break- 
ing down  of  glycogen  to  dextrose  in  diabetes,  but  Milne  and 
Peters  (6)  think  this  is  due  to  the  accimiulation  of  some  sub- 
stance in  the  body,  which  stimulates  the  glycogenolytic  activity 
of  the  cells;  they  do  not  think  the  blood  diastase  is  augmented  to 
a  sufficient  extent  to  accoimt  for  this  change.  They  find  no 
increased  diastatic  activity  in  phlorhizin  glycosuria,  and  other 
writers  state  that  piqAre  causes  no  change  in  the  diastatic  activ- 
ity of  the  blood,  although  under  both  of  these  conditions  there  is 
a  tremendous  mobilization  of  sugar.  Bang  (7)  states  that  there 
is  no  relation  whatever  between  the  blood  diastase  and  the  degree 
of  glycogenolysis  and  glycosuria.  Frequently  he  finds  a  marked 
glycosuria  with  a  low  blood  diastase,  and  Bainbridge  and  Beddard 
(8)  also  report  two  cases  of  severe  diabetes  with  an  almost  com- 
plete absence  of  diastase  from  the  blood.  Myers  and  Eillian  (9), 
however,  report  a  series  of  cases  of  diabetes  in  which  they  find  a 
close  relation  between  the  level  of  the  blood  diastase  and  the 
severity  of  the  diabetes.  Jn  view  of  the  interesting  character  of 
their  results,  we  decided  to  repeat  their  work,  making  use  of  a 
modified  form  of  their  method  of  estimating  the  diastatic  activity. 
This  modification  consisted  in  using  the  Benedict  (10)  method  of 
blood  sugar  determination  instead  of  that  described  by  Myers 
and  Bailey. 

Method, 

Two  2  cc.  samples  of  blood  are  placed  in  25  cc.  volumetric 
flasks.  The  first  is  laked  with  4  cc.  of  distilled  water  and  used 
as  the  control,  while  only  3  cc.  of  water  are  added  to  the 
second  flask.  Both  flasks  are  placed  in  a  water  bath  at  40^0.,  and 
when  the  temperatiu-e  of  the  flasks  has  become  constant  1  cc.  of  a 
1  per  cent  solution  of  soluble  starch  is  added  to  the  second  flask, 
and  the  incubation  is  then  carried  on  for  15  minutes.  Both 
flasks  are  then  cooled,  made  up  to  the  mark  with  the  sodiiim 


D.  S.  Lewis  and  E.  H.  Mason 


457 


picrate-picric  acid  solution,  and  the  sugar  is  estimated  according 
to  Benedict.  The  quantity  of  starch  which  has  been  broken 
down  by  the  diastase  is  calculated  by  comparing  the  amounts  of 
sugar  in  the  control  with  that  in  the  bloodnstarch  mixture.*  The 
index  is  the  percentage  of  soluble  starch  which  has  been  converted 
into  dextrose.  For  example,  if  2  mg.  of  starch  are  changed  to 
sugar,  the  index  will  be  20.  All  tests  in  the  series  have  been  done 
on  duplicate  samples  within  15  minutes  of  the  withdrawal  of  the 
blood.  Our  results  for  normal  subjects  are  in  close  agreement 
with  those  of  Myers  and  Killian  (9)  and  of  de  Niord  and  Schreiner 

TABLE  I. 
Comparison  of  Indices  by  Original  and  Modified  Methods. 


Case  No. 

Diastatic  index. 

Diagnoeia. 

Modified  method. 

Original  method. 

1 
2 
3 
4 
5 
6 
7 
8 

23.4 
13.6 
10.4 
16.6 
18.7 
22.2 
11.4 
33.2 

21.2 
13.0 
12.2 
15.6 
19.4 
25.0 
11.4 
32.4 

Laboratory  worker. 
«                 « 

«                 « 

Diabetes. 
« 

Nephritis. 

(11),  but  there  is  a  wide  divergence  in  the  indices  of  the  diabetic 
patients.  To  exclude  the  modified  technique  as  a  possible  cause 
of  this  difference,  the  original  method  has  been  compared  with 
the  one  used  for  this  series  and  the  results  have  been  found  to  be 
almost  identical  by  the  two  methods  (Table  I). 

Normal  Subjects. — The  normal  subjects  consist  of  workers  in 
the  laboratory,  students,  and  convalescent  patients  in  the  wards. 
In  all  there  are  studies  on  thirteen  persons  and  a  total  of  58 
determinations  of  the  normal  diastatic  index.  There  is  a  con- 
siderable variation  in  the  index,  namely  from  7.0  to  29.4,  but  47 
of  the  58  are  within  the  comparatively  limited  range  of  14  to  25. 

'  A  small  correction  factor  is  necessary  for  the  amount  of  sugar  present 
in  the  soluble  starch  (Lintner).  This  usually  amounts  to  0.25  mg.  per 
10  mg.  of  starch,  or  a  correction  factor  of  2.5  points  in  terms  of  the 
index. 
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These  then  may  be  taken  as  the  usual  limits  of  the  nonxtal  index. 
Most  of  the  examinations  were  made  on  fasting  bloods,  but,  as  a 
number  had  been  done  on  blood  taken  after  food,  it  seemed 
desirable  to  study  the  diastatic  activity  in  relation  to  food  and 
to  determine  whether  or  not  food  or  the  type  of  food  had  any 
effect  on  the  blood  diastase.  For  this  purpose  a  group  of  five 
normal  individuals  were  each  given  a  series  of  test  breakfasts. 
These  meals  were  so  arranged  that  the  first  was  an  ordinary 
breakfast,  the  second  contained  a  large  prop)ortion  of  carbohy- 
drate, the  third  a  high  protein  content,  and  the  fourth  a  large 
excess  of  fat.  The  actual  composition  of  these  meals  is  given  in 
Table  II.  A  specimen  of  blood  was  taken  while  the  subject  was 
fasting,  and  a  second  specimen  was  withdrawn  IJ  hours  after  the 


TABLE  II. 

Carbohy- 
drate. 

Average. 

TX*«P 

Type  of  meal. 

Protein. 

Fat. 

Index 

before 

breakfast. 

Index 

after 

breakfast. 

Differ- 
ence, 

T 

gm. 

gm. 

gm. 

Ordinary  breakfast. 

(?) 

(?) 

(?) 

18.5 

17.3 

-1.2 

Carbohydrate  " 

31.0 

32.0 

142.0 

17.0 

19.1 

+2.1 

Protein             " 

48.0 

8.0 

10.0 

20.8 

18.8 

-2.0 

Fat 

13.0 

66.0 

32.0 

18.76 

16.24 

-2.52 

middle  of  the  meal.  The  diastatic  index  was  estimated  for  these 
two  samples  of  blood.  The  average  indices  before  and  after  food 
are  given  in  Table  11.  These  results  do  not  show  any  marked 
change  in  the  index  after  these  test  diets.  As  a  general  rule, 
the  index  is  lower  after  meals  than  before,  but  the  average  depres- 
sion is  only  1.2  points  after  the  ordinary  meal,  2.0  points  after 
the  protein,  and  2.52  after  the  fat  meal.  After  the  carbohydrate 
meal  the  index  shows  a  rise  in  four  of  the  five  tests,  but  even  here 
the  variation  is  only  2.1  points.  The  diastatic  index  evidently 
undergoes  very  slight  changes  in  relation  to  the  various  types 
of  food.  This  agrees  with  Watanabe's  (12)  results  on  experi- 
mental animals  and  also  with  the  work  of  earlier  writers. 

Cases  of  Diabetes. — The  chief  interest  naturally  is  attached  to 
the  series  of  diabetics.  These  are  eighteen  in  number  and  repre- 
sent all  stages  of  the  disease.    As  stated  above,  Myers   and 
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Killian  (9)  report  an  almoet  constantly  increased  diastatic  activ- 
ity in  these  cases,  and  this  increase  is  more  or  less  proportional  to 
the  level  of  the  blood  sugar  and  to  the  severity  of  the  diabetes. 
De  Niord  and  Schreiner  (11)  confirm  these  findings  except  for 
a  series  of  diabetics  with  syphilis  in  whom  they  find  extremely 
low  indices.  These  results  are  not  borne  out  by  the  present 
series  of  studies  where  the  index  is  consistently  lower  than  normal. 
Only  six  of  the  twenty-seven  are  above  15,  while  the  index  is  10 
or  lower  in  fourteen  instances  (normal  range  14  to  25).  Table 
III  is  arranged  according  to  the  level  of  the  blood  sugar  and  there 
is  no  obvious  relation  between  the  level  of  the  sugar  in  the  blood 
and  the  degree  of  diastatic  activity.  Two  or  more  determina- 
tions were  done  on  five  of  the  cases.  In  three  (L.,  McL.,  and  McD.) 
the  index  is  more  or  less  proportional  to  the  level  of  the  blood 
sugar;  t.e.,  a  high  sugar  is  associated  with  a  high  diastatic  index. 
In  two  cases  (Ch.  and  R.),  however,  the  index  is  inversely  pro- 
portional to  the  level  of  the  sugar  in  the  blood.  These  two  values 
are  therefore  not  always  proportional  to  each  other. 

These  results  are  in  such  marked  contrast  to  those  reported  by 
Myers  and  Killian  (9)  that  a  possible  explanation  was  sought  for. 
De  Niord  and  Schreiner  (11)  mention  syphilis  as  a  cause  of  a 
low  diastatic  index  but  no  case  in  the  scries  gave  a  positive  Was- 
sermann.  It  was  thought  that  possibly  the  age  of  the  patient 
and  the  diu-ation  of  the  disease  might  have  some  relation  to  the 
height  of  the  index.  Chronic  nephritis  is  notoriously  frequent  in 
old  diabetics  and  it  was  possible  that  the  high  indices  might  have 
been  due  rather  to  a  retention  of  the  diastase  by  a  damaged 
kidney,  than  to  any  particular  change  in  the  rate  of  production 
of  the  ferment  in  the  diabetic  fndividual.  Reference  to  Table 
III  will  show  that  there  is  a  marked  tendency  to  the  lower  indices 
in  the  very  young,  the  highest  index  in  those  below  13  years 
being  13.8.  On  the  other  hand  L.,  a  woman  of  63  years,  and  a 
diabetic  of  16  years  standing,  had  on  three  occasions  the  very  low 
values  of  10.4,  8.6,  and  4.0.  Therefore  age  and  duration  of  the 
disease  cannot  \ye  important  factors  in  determining  the  level  of 
the  diastatic  activity.  In  the  present  series  a  low  index  has  not 
been  a  favorable  sign,  as  all  the  fatal  cases,  three  in  number,  had 
indices  below  11.5. 
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In  the  present  state  of  our  knowledge  it  seems  reasonable  to 
believe  that  the  percentage  concentration  of  the  blood  diastase 
has  very  Uttle  direct  relation  to  the  rate  at  which  starch  is  broken 


Died. 


TABLE  III. 
Diastatic  Index  in  Diabetes, 


Case. 

Date. 

Age. 

Blood  sugar 
per  100  cc. 

Index. 

19tO 

yr«. 

mO' 

J. 

32 

424 

8.4 

s. 

53 

384 

10.0 

Ch.* 

Apr.  13 

39 

360 

8.4 

"   21 

280 

11.4 

Z.* 

6 

356 

3.6 

L.* 

Apr.  13 

63 

352 

10.4 

"   13 

384 

8.6 

"   15 

314 

4.0 

A. 

9 

314 

6.2 

D. 

62 

302 

22.2 

Ro. 

1010 

63 

302 

18.4 

McL. 

Nov.  19 

23 

300 

15.2 

"   28 

262 

6.4 

Dec.  26 

194 

10.0 

P. 

11 

260 

11.4 

F. 

42 

230 

4.8 

McD. 

Dec.  29 

19»0 

37 

224 

7.6 

Feb.  11 

266 

22.2 

"   16 

240 

16.2 

1919 

R. 

Nov.  19 

34 

222 

2.0 

Dec.  18 

187 

9.8 

1990 

Feb.  13 

145 

14.6 

C. 

64 

202 

7.3 

H. 

12 

189 

13.8 

Rd. 

11 

178 

12.2 

U. 

64 

150 

8.0 

M. 

74 

117 

22.0 

down  by  the  tissues  of  the  diabetic  organism,  and  it  is  quite 
possible  that  Carlson  and  Luckhardt  (13),  King  (14),  and  others 
are  correct  in  regarding  the  diastatic  bodies  of  the  blood  as  dis- 
carded ^elements  on  their^way  to'excretion  by  the  kidneys. 
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Cases  of  Nephritis. — In  1909  Wohlgemuth  (15)  introduced  the 
detennination  of  the  urinary  diastase  as  a  test  of  renal  function, 
but  Rowntree,  Marshall,  and  Baetjer  (16)  found  the  test  unreli- 
able and  it  received  very  little  credence  in  this  country,  although 
it  is  still  used  to  some  extent  in  England.    More  recent  studies 

TABLE  IV. 

Cases  of  Nephritis, 


Blood 

Dia- 
static 
index. 

Blood 

Case. 

Date. 

8u«ar 
l&cc. 

Am- 
bardK. 

urea 

per 

liter. 

Albumin- 
uria. 

Diagnosis. 

1990 

mg. 

gm. 

Ch. 

June    8 

123 

18.2 

0.139 

0.510 

++4- 

Chronic  diffuse  ne- 
phritis.   Edema. 

Vi. 

Jan.  23 

120 

5.2 

0.177 

0.300 

4-++ 

u                 tt                 tt 

Feb.  10 

126 

6.6 

0.123 

0.204 

++4- 

Apr.  29 

134 

9.4 

0.077 

0.195 

+4- 

Sm. 

148 

4.0 

0.078 

0.360 

4- 

Acute  nephritis. 

Bu. 

Feb.  19 
"     19 

1019 

120 
168 

33.2 
25  2 

0.162 

0.735 

+4- 

tt           tt 

Da. 

Dec.    1 

1990 

127 

20.0 

0.141 

0.585 

4-+ 

it           it 

Apr.  23 

158 

37.8 

0.247 

0.630 

4- 

it           tt 

xMo. 

122 

14.0 

0.082 

0.150 

+ 

Chronic  diffuse  ne- 
phritis. 

La. 

200 

46.0 

0.058 

0.150 

+ 

it         tt         it 

Ak. 

136 

28.2 

0.570 

1.275 

++ 

Secondary  con- 
tracted kidney. 

Dr. 

Apr.  27 

122 

12.0 

0.168 

0  270 

Trace. 

((         It         tt 

May    4 

102 

17.8 

0.089 

0.360 

« 

Sa. 

Apr.  14 

137 

26.0 

0.158 

0.555 

4- 

Primary  contracted 
kidney. 

"     27 

126 

8.0 

0.147 

0.600 

Trace. 

Sc. 

144 

8.0 

0.117 

0.436 

« 

tt         tt         tt 

Mu. 

107 

23.6 

0.070 

0.270 

it 

Cardiorenal  disease. 

of  the  blood  diastase  in  nephritis  have  shown  that  this  test  has  no 
great  reliability  in  measuring  renal  function.  The  index  may  be 
high  or  low  with  a  disease  of  the  same  degree  of  severity  and 
apparently  of  the  same  type.  In  the  present  series  for  example, 
Ch.  and  Vi.  are  both  cases  of  severe  diffuse  nephritis  with  extreme 
anasarca,  but  with  relatively  little  disturbance  in  the  rate  of 
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nitrogen  excretion  (Ambard:  0.139  for  Ch.  and  0.177  for  Vi.), 
Ch.  gives  a  normal  diastatic  activity,  while  in  Vi.  there  is  a 
very  low  index  which  shows  no  change  even  ^vith  marked  improve- 
ment in  the  patient's  condition.  Again,  Sa.  shows  a  change  from 
an  index  of  26  to  one  of  8.0  within  a  fortnight  without  the  other 
tests  of  function  showing  any  noticeable  variation  and  without 
any  change  in  his  clinical  condition.  Again,  Ak.,  who  died  with 
extreme  renal  insufficiency  2  weeks  after  the  diastatic  test, 
showed  no  great^^r  retention  than  cither  Da.  or  Bu.  both  of 
whom  are  alive  and  show  no  marked  clinical  evidence  of  renal 
insufficiency. 

The  diastase  of  the  blood  shows  wide  variations  in  the  blood  of 
nephritic  patients;  in  some  cases  it  is  in  accord  with  other  tests 
showing  a  retention  of  waste  products,  but  in  a  considerable 
number  of  cases  studied  it  shows  no  direct  relation  to  the  type  of 
renal  lesion  or  to  the  degree  of  involvement  or  progress  of  the 
disease. 

SUMMARY. 

1.  The  normal  diastatic  index  is  between  14  and  25. 

2.  The  diastatic  activity  of  the  blood  shows  veiy  little  change 
in  relation  to  food.  This  applies  both  to  ordinary  meals  and  to 
those  in  which  there  is  a  large  preponderance  of  one  particular 
type  of  food. 

3.  There  is  no  constant  increase  in  the  blood  diastase  in  dia- 
betes and  there  does  not  seem  to  be  any  direct  relation  between 
the  height  of  the  blood  sugar  and  the  diastatic  activity.  Some 
of  the  most  severe  cases  show  the  lowest  diastatic  activity. 

4.  There  is  a  marked  variation  in  the  level  of  the  ferments  in 
cases  of  nephritis,  but  no  evident  connection  between  the  type  of 
disease  and  the  diastatic  activity,  and  no  constant  relation 
between  the  progress  of  the  lesion  and  the  diastatic  index. 

We  are  indebted  to  Miss  Lane,  the  technical  assistant,  for 
many  of  the  blood  sugar  determinations. 
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CERTAIN  FACTORS  THAT  INFLUENCE  ACETONE  PRO- 
DUCTION BY  BACILLUS  ACETOETHYLICUM.* 

By  C.  F.  ARZBERGER,  W.  H.  PETERSON,  and  E.  B.  FRED. 

(From  the  Departments  of  Agricultural  Chemistry  and  Agricultural  BaC" 

teriologyj  Univers^ity  of  Wisconsin^  Madison,) 

(Received  for  publication,  July  3,  1920.) 

INTRODUCTION. 

The  production  of  acetone  by  the  lower  organisms  has  formed 
the  subject  of  a  number  of  recent  investigations.  During  the 
war  the  great  demand  for  acetone  and  allied  solvents  of  nitro- 
cellulose and  of  "aeroplane  dopes"  stimulated  the  development 
of  processes  for  the  production  of  acetone  on  a  commercial  scale. 

■ 

Schardinger  (1905)  isolated  an  organism  which  fermented  carbohydrates 
with  the  formation  of  ethyl  alcohol,  acetone,  and  acetic  and  formic 
acids.  The  majority  of  the  carbohydrates  were  fermented  by  this  organ- 
ism with  the  formation  of  these  products.  Potatoes  and  potato  starch 
proved  the  best  media,  and  in  the  presence  of  peptone  and  calcium  carbon- 
ate acetone  equal  to  6.9  per  cent  of  the  starch,  and  alcohol  equal  to  20.8  per 
cent  by  weight  were  found.  Acetic  and  formic  acids  were  also  produced, 
the  latter  predominating. 

The  demand  for  butyl  alcohol  and  acetone  in  the  manufacture  of  syn- 
thetic rubber  from  butadiene  and  isoprene  stimulated  further  research 
for  an  organism  that  would  produce  both  of  these  compounds  in  quanti- 
ties to  be  of  commercial  value.  Fernbach  and  Strange  (1912)  isolated  an 
organism  of  this  type.  Weizmann  (1915),  a  student  of  Fembach's,  sub- 
sequently isolated  a  heat-resisting  organism.  Bacillus  granulobacter  pec- 
tinovorum,  from  soils  and  cereals  which  had  the  characteristic  ability  to 
convert  starch  mainly  into  acetone  and  butyl  alcohol.  This  organism 
was  then  used  to  produce  acetone  on  a  commercial  scale  by  fermenting 
mashes  of  damaged  rice,  grain,  and  horse  chestnuts.  A  factory  was  suc- 
cessfully operated  from  January,  1917,  to  November,  1918,  with  the  pro- 

*  Published  with  the  permission  of  the  Director  of  the  Wisconsin  Agri- 
cultural Experiment  Station.  This  work  was  in  part  supported  by  a 
grant  from  the  special  research  fund  of  the  University  of  Wisconsin. 
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duction  of  about  200  long  tons  monthly.  In  an  extensive  study  of  the  bio- 
chemistry of  this  process  Speakman  (1920)  reported  the  production  of 
6,741,273  pounds  of  acetone,  and  12,660,834  pounds  of  alcohol,  or  7.76  per 
cent  acetone  and  17.23  per  cent  alcohol  of  the  total  73,463,654  pounds  of 
dry  corn  fermented. 

Northrop,  Ashe,  and  Senior  (1919)  succeeded  in  isolating  an  organism, 
Bacillus  ctcetoethylicumj  from  old  potatoes  which  possessed  certain  char- 
acteristics similar  to  those  of  Schardinger's  organism  in  that  it  converts 
.  most  carbohydrates  into  ethyl  alcohol,  formic  acid,  and  acetone.  The 
amount  was  about  8  to  9  per  cent  acetone  and  14  to  20  per  cent  alcohol  by 
weight  of  the  original  carbohydrate.  The  work  of  Northrop  and  his 
collaborators  showed  that  the  optimum  temperature  for  growth  and  pro- 
duction of  acetone  was  about  43°C.  For  the  maximum  production  of 
acetone  the  reaction  of  the  medium  must  be  about  pH  6.0  to  7.0;  an  excess 
of  calcium  carbonate  was  added  to  maintain  this  reaction.  This  hydrogen 
ion  concentration  of  the  medimn  for  acetone  production  was  found  to  be 
very  different  from  that  required  for  optimum  growth;  namely,  pH  8.0  to 
9.0.  It  was  noted  that  if  the  medium  was  first  adjusted  to  the  above  reac- 
tion a  vigorous  fermentation  took  place.  This  fact  was  later  made  use  of 
in  the  plant  of  the  Commercial  Solvents  Corporation  at  Terre  Haute, 
Indiana,  where  experiments  to  produce  acetone  commercially  were  car- 
ried out.  Before  the  mash  was  run  into  the  fcrmenters,  it  was  brought 
to  pH  8.5  to  9.5  by  the  addition  of  lime  and  it  was  found  that  the  fer- 
mentation was  similar  to  that  obtained  in  the  laboratory  experiments. 

Reilly  and  his  collaborators  (1920)  studied  in  detail  the  mechanism  of 
the  fermentation  process  for  the  production  of  acetone  and  butyl  alcohol 
from  carbohydrate  material.  In  the  initial  stage  of  fermentation  the 
acidity  increased  rapidly  imtil  the  maximum  was  attained.  After  this 
point  was  reached,  there  was  a  marked  gain  in  the  rate  of  production  of 
acetone,  butyl  alcohol,  carbon  dioxide,  and  hydrogen.  These  investi- 
gators suggested  that  acetic  and  butyric  acids  were  intermediate  products 
in  the  formation  of  acetone  and  butyl  alcohol.  In  the  presence  of  cal- 
cium carbonate,  they  found  that  the  production  of  acetone  and  alcohol 
was  almost  entirely  suppressed.  When  acetic  acid  was  added  to  the  fer- 
menting culture,  there  was  an  increased  yield  of  acetone  without  any 
change  in  yield  of  butyl  alcohol. 

In  this  paper  a  study  has  been  made  of  the  products  formed, 
the  factors  influencing  the  end-products,  and  the  relation  of 
these  products  to  one  another  in  the  production  of  acetone  by 
BaciUus  acetaethylicum,^ 

1  Dr.  John  H.  Northrop  of  The  Rockefeller  Institute  for  Medical  Re- 
search kindly  placed  at  our  disposal,  for  this  work,  a  pure  culture  of  Bacilltts 
aceioethylicumy  and  we  wish  to  express  our  thanks  to  him  for  this  courtesy. 
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EXPERIMENTAL. 

In  the  fermentation  of  glucoBe,  sucrose,  potato  starch,  and 
xylose,  2  per  cent  solutions  were  used.  The  medium  consisted  of 
0.5  per  cent  peptone,  0.1  per  cent  dipotassium  phosphate,  tap 
water,  and  the  desired  carbohydrate.  Of  this  solution  250  co. 
were  placed  in  300  cc.  Erlenmeyer  flasks,  and  the  flasks  sterilieed 
for  30  minutes  at  15  pounds  pressure.  The  flasks  were  next 
inoculated  with  Bacillus  acetoethylicum;  to  some  of  these  flasks 
CaCOs  was  added,  to  others  2  or  3  drops  of  brom-cresol  purple 
were  added,  and  the  medium  was  adjusted  to  the  desired  pH  by 
adding  NaOH.  In  certain  experiments  the  flasks  were  con- 
nected to  a  carbon  dioxide  absorption  trap  similar  to  that  used 
by  Peterson  and  Fred  (1920),  and  incubated  at  37**C. 

The  acids  formed  during  the  fermentation  were  neutralized 
daily  by  additions  of  sterilized  1  n  sodium  hydroxide,  except  in 
the  cultures  to  which  an  excess  of  sterilized  calcium  carbonate 
was  added  at  the  time  of  inoculation.  Here,  as  with  the  other 
cultures,  the  progress  of  the  fermentation  was  indicated  by  the 
rapid  evolution  of  gas  and  frothing  of  the  cultures.  In  some 
cases  further  additions  of  sterihzed  calcium  carbonate  were  found 
necessary.  At  the  end  of  the  fermentation  period,  the  diu'ation 
of  which  was  approximately  2  weeks,  the  cultures  were  analyzed 
for  volatile  and  non-volatile  acids,  alcohol,  acetone,  carbon 
dioxide,  and  imfermented  carbohydrates. 

Volatile  and  Non-Volatile  Adds. — The  determination  of  these 
acids  was  made  in  the  same  manner  as  has  already  been  described 
in  previous  publications. 

Alcohol  and  Acetone, — To  75  or  100  cc.  of  the  culture  solution 
in  a  Kjeldahl  flask,  40  gm.  of  c.  p.  sodium  chloride  were  added 
and  from  two-fifths  to  one-half  of  the  original  volume  was  dis- 
tilled over.  The  distillate  was  made  up  to  100  cc,  50  cc.  of  which 
were  used  for  the  alcohol  determination  and  50  cc.  reserved  for 
the  determination  of  acetone.  The  alcohol  was  determined  by 
oxidizing  and  distilling  a  50  cc.  aliquot  according  to  the  method 
of  Dox  and  Lamb  (1916).  After  titration  with  0.1  n  barium 
hydroxide,  this  distillate  was  evaporated  to  dryness  on  the  steam 
bath  and  the  residue  used  for  the  Duclaux  determination  of  acids. 


468  Acetone  Production  by  Bacteria 

Acetone, — The  remaining  50  cc.  of  the  alcoholic  acetone  solu- 
tion were  used  for  determining  the  amoimt  of  acetone  in  the  cul- 
tures by  Goodwin's  (1920)  modification  of  Messinger's  method. 
A  10  cc.  aliquot  of  the  distillate  was  pipetted  into  a  glass-stop- 
pered bottle,  10  cc.  of  a  10  per  cent  solution  of  sodium  hydroxide 
were  added,  and  an  excess  of  0.1  n  iodine  solution  was  run  in  with 
constant  agitation.  The  bottle  was  then  stoppered  and  allowed 
to  stand  10  minutes,  after  which  11  cc.  of  2  n  sulfuric  acid  were 
added,  and  the  excess  of  iodine  was  titrated  with  0.1  n  sodium 
thiosulfate. 

Carbon  Dioxide, — The  carbon  dioxide  in  the  culture  and  in  the 
potassium  hydroxide  of  the  absorption  bottle  was  determined  by 
means  of  the  Van  Slyke  (1917)  apparatus  for  determining  carbon 
dioxide  in  blood  and  carbonate  solutions. 

Unfermented  Carbohydrates, — The  unfermented  carbohydrates 
in  the  culture  were  determined  by  the  Brown,  Morris,  and  Millar 
(1897)  method.  The  starch  and  sucrose  were  hydrolyzed  with 
hydrochloric  acid,  then  clarified  with  subacetate  of  lead,  and 
aliquots  taken  for  gravimetric  analysis. 

The  results  of  the  analysis  of  the  glucose,  sucrose,  potato 
starch,  and  xylose  cultures  are  given  in  Table  I.  The  figures 
show  the  two  different  types  of  fermentation  obtained  by  titrat- 
ing the  acid  produced  daily  with  1  n  sodium  hydroxide,  and  by 
keeping  the  alkalinity  constant  with  an  excess  of  calciimi  car- 
bonate. In  the  sodium  hydroxide  series  there  is  formed  a  large 
amoimt  of  volatile  acid  and  a  relatively  small  amount  of  alcohol 
and  acetone.  On  the  other  hand  the  calcimn  carbonate  series 
shows  an  increase  in  the  alcohol  and  acetone  production  with  a 
corresponding  decrease  in  the  volatile  acid.  The  non-volatile 
acid  is  practically  the  same  in  both  series.  The  data  of  the 
table  indicate  that  the  optimum  conditions  for  the  production  of 
acetone  are  maintained  in  cases  where  calcium  carbonate  is  used 
.rO  neutralize  the  acid  formed  during  fermentation.  Northrop 
states  that  when  calcium  carbonate  is  used  the  medium  is  main- 
tained at  pH  6.0  to  7.0.  If  the  medimn  is  more  alkaline  and 
near  the  optimum  for  the  growth  of  Bacillus  acetoethylicum,  the 
organism  multiplies  rapidly  and  at  the  same  time  produces 
suflScient  acid  to  change  the  reaction  to  about  pH  6.0  to  7.0 
where  it  is  maintained  by  the  calcium  carbonate.    The  pH  of 
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some  of  the  cultures  which  had  been  fennenting  for  4  days  in  the 
presence  of  an  excess  of  calcium  carbonate  was  measured  and  it 
was  found  that  the  reaction  was  pH  5.6  to  5.8. 

An  interesting  fact  noticeable  in  the  fermentation,  where  the 
acid  formed  was  titrated  daily  with  1  n  soditun  hydroxide,  was 
the  destruction  of  the  indicators.  Brom-cresol  purple  and 
cresol  red  were  used,  and  after  24  hours  of  vigorous  fermentation 
it  was  found  that  the  indicators  had  been  reduced.  To  insure  the 
proper  reaction,  additions  of  sterilized  indicator  were  made  before 
each  titration. 

TABLE  I. 

Products  Formed  in  the  Fermentation  of  Various  Carbohydrates, 

Ccdculated  for  100  Cc.  of  Cultures. 


Carbohydrate. 


1.  Glucose . . . 

^.  .  .  . 

3.  Sucrose 

4        " 

4i«  •  •  •  » 

5.  Starch, 

potato. . . 

6.  Starch, 

potato. . . 

7.  Xylose 


0 
O 


pH 

6.2 
5.8 
6.2 

5.8 

6.2 

5.8 
6.2 


Neutral- 
ising 
subetance 


NaOH 
CaCOa 
NaOH 
CaCOi 

NaOH 

CaCOi 
NaOH 


Volatile 
acidaa 
acetic. 


gm. 

0.3192 
0.0869 
0.2136 
0.1410 

0.3732 

0.0704 
0.3480 


Non- 
volatile 
acid  as 
lactic. 


0.0504 


0.0632 
0.0657 


Ethyl 
alcohol 


gm.         gtn.        gm 

0.06840.27230.0986 
0.05220.32020.1464 
0.05220.16000.0399 
0.06350.45540.2002 


Ace- 
tone. 


0.29720.0733 


0.4329 
0.4425 


0.2034 
0.1568 


Carbon 
dioxide. 


gm. 

0.3634 
0.2517 


0.3785 


0.5346 


Unfer- 

mented 

csrbohy< 

drate. 


gm. 

0.8696 
0.6060 
1.0024* 
0.1789 

0.3423 

0.3845 
0.2218 


Totel. 


gm. 

1.9915 
1.2117 
1.7198 
1.0390 

1.5149 

1.1544 
1.7614 


*  Fermentation  incomplete. 


Identification  of  Volatile  Acids. — The  dry  residue  of  the  barimn 
salts  of  the  volatile  acid  was  taken  up  with  water  and  filtered  to 
remove  the  barium  carbonate.  The  filtrate  was  then  made  up 
to  80  cc.  and  treated  with  the  proper  amount  of  1  n  sulfuric 
acid  to  liberate  the  volatile  acids.  The  bariimi  sulfate  formed 
was  filtered  off,  and  the  filtrate  was  made  up  to  110  cc.  and  dis- 
tilled according  to  the  Duclaux  procedure.  The  distilling  con- 
stants obtained  (Tables  II  and  III)  indicate  the  presence  of  both 
acetic  and  formic  acids.  The  approximate  percentages  of  formic 
and  acetic  acids  in  the  above  cultures  were  computed  according 
to  the  graphic  method  of  Gillespie  and  Walters  (1917)  with  results 
as  given  in  Table  IV.    The  results  of  this  table  indicate  that 
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acetic  &cid  predominates  in  the  fermentation  of  sucrose  and 
potato  starch,  whereas  formic  acid  is  produced  more  abundantly 
in  the  fermentation  of  xylose. 

TABLE  II. 

Volatile  Aei^fnm  Ike  Ftrmentation  ofSuerose  a*  DOtrmiatd  by  tA«  Durimw 
Method. 


Fraction. 

10  cf. 

Mix. 

»«<>. 

««. 

M«. 

tOoc. 

70  «a. 

«M. 

M«. 

100  M. 

Individual  frac- 

tion, O.I  NM.. 

1.57 

1.72 

1.H2 

1.9« 

2.0J 

2.U 

2.3t 

2.7C 

3.U 

4.10 

Total,  O.I  MM... 

1.57 

3.21 

5.11 

7.07 

9.U 

11. 2t 

13. «) 

in.n 

IQ.fi] 

23. SI 

Difltilling     con- 

Btant  found.... 

i.6 

ia.5 

1!1.6 

X.V 

18.5 

*7.8 

57.8 

».3 

£i.e 

100.00 

DiBtillbg     con- 

rtent      calcu- 

lated'  

S.79 

13,9 

21.6 

29.7 

38.2 

47.6 

67.6 

se.o 

82.6 

•  Fonnic  40.55,  acetic  59.55  (aee  Table  IV). 

TABLE  III. 
Dutmmg  ConttanU  of  VolalOe  Aaidt  Obtaintd  by  the  Duetaux  Methbd. 


Glucose 

Potato  starch. , 
Xylose 


7.014 

a. 814,0 
6.SI3.4 


60,071-6 
47.3  57,468 
46. 2  56. 4^67 


Percentage  Composition  of  the  Volatile  Acids  from  the  Sodium  Hydroxide 


,     Cullur,, 

F.™c. 

Acetic. 

40  55 
43,32 
54-04 

ptrctnl 

XyloBc 

45.96 

A  quantitative  estimation  of  the  formic  acid  from  the  residue 
of  the  I>uclaux  distillation  was  made  according  to  the  method  of 
Fincke  (1!!I3)  and  substantially  the  same  results  were  obtained 
as  from  the  Duclaux  distillation. 
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Identification  of  Non-Volatile  Acids. — The  dry  residue  obtained 
by  evaporating  the  titrated  solution  of  non-volatile  acid  was 
taken  up  in  water,  filtered  to  free  it  from  any  BaCOi,  and  again 
evaporated  to  dryness  on  a  Bteam  bath  in  a  tared  platinum  diah. 
The  platinum  dish  and  residue  were  dried  in  an  electric  oven  at 
ISCC.  until  constant  weight  was  obtained,  an  excess  of  dilute 
sulfuric  acid  was  added,  and  the  salts  were  converted  into  barium 
sulfate  by  ignition,  and  then  weighed.     From  the  weight  of  the 


CompoiUio 

tabij:  v. 
n  of  Barium  Saltt  of  Non-VolatiU  Aeid, 

Cubobydnte, 

barium  ult. 

Wricbt  at  bB 

rium  suKnU. 

F...d. 

CalPulUrdror 
Db<CiII)Oi)i. 

Glucose                                

0.1121 

0,0936 

0.0770 
0.0678 

00830 

TABLE  VI. 

DUtitliTtg  Contlantt  of  Aleokolg  of  NaOlI  Seriet  by  Ihtclaax  Method. 


11 

20 

15.5 

15.8 
15,5 

15.9 
15,7 
15. S 
15.2 

23.9 
24.4 

24.1 
24.3 

24.2 
24.2 
23. 4 

32.4 

13.0 
33.0 
33.1 
32.9 
32.8 
32,0 

41.0 
42.3 
423 
42.3 
42.2 
41.9 
40.9 

51,4 

51. C 
51.6 
51.9 
51.7 
51.3 
50  5 

61.6 

(i2.1 
61.8 

61.5 

60.6 

72.8 
73.0 
73.0 
73  2 
73,1 
72.6 
71-9 

c?. 

[00 

Sucrose 

Potato  starch 

Xylose 

Glucose 

Sucrose* 

Potato  starch* 

Constants  for  acetic  acid. . 

7.7 
7.7 
7.7 
7.S 
7,7 
7,7 
7  4 

85 
85 
86 

85 

i 

3 
4 
0 
6 
5 
1 
4 

100 
100 
100 
100 
100 
100 
100 

•  CaCOj  series. 

dried  barium  saltn  the  theoretical  .weight  of  barium  sulfate  was 
calculated.  The  slight  discrepancy  between  the  found  and 
calculated  values  is  probably  due  to  ether-soluble  decomposition 
products  formed  during  the  sterilization  of  the  sugars.  The 
results  of  this  work  are  given  in  Table  V. 

Identification  of  Alcohols. — The  solution  of  the  barium  salts 
obtfuned  by  oxidation  of  the  alcohol  was  evaporated  to  dryness 
on  a  steam  bath  and  prepared  for  the  Duclaux  distillation  in  a 
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way  similar  to  that  used  for  the  volatile  acids.  The  results 
obtained  are  given  in  Table  VI.  The  Duclaux  constants  in  this 
table  show  that  the  alcohol  produced  during  fermentation  is 
ethyl  and  that  only  traces  of  any  higher  alcohols  ai^e  present. 
Northrop,  Ashe,  and  Senior  report  that  ethyl,  propyl,  and  butyl 
alcohols  are  produced. 

Modification  of  the  Products  of  Fermentation  by  Varying  the 

Reaction  of  the  Medium. 

It  has  already  been  noted  that  the  reaction  of  the  medium 
influences  the  products  of  fermentation  but,  so  far,  the  experi- 
ments have  been  limited  to  only  two  reactions,  pH  5.8  to  6.2. 
Further  tests  of  this  point  were  made  in  which  2  per  cent  sugar 
solutions  containing  varying  amounts  of  1  n  NaOH  or  calcium 
carbonate  were  fermented.  No  attempt  was  made  to  maintain 
constant  the  reaction  of  the  medium  by  the  use  of  a  high  concen- 
tration of  buffer  substances. 

7.5  gm.  of  peptone  and  1.5  gm.  of  K2HPO4  were  dissolved  in 
1.5  liters  of  tap  water.  Portion^  of  250  cc.  of  this  mediimi  were 
then  pipetted  into  300  cc.  Erlenmeyer  flasks,  and  5  gm.  of  either 
glucose  or  sucrose  were  added  to  each  flask.  After  sterilization 
one  flask  each  of  glucose  and  sucrose  was  inoculated  and  an  excess 
of  CaCOs  added.  A  second  pair  of  glucose  and  sucrose  flasks 
was  inoculated,  4  drops  of  sterilized  brom-cresol  purple  were 
added,  and  the  pH  of  the  medium  was  adjusted  to  the  indicator 
by  adding  sterilized  1  n  NaOH.  To  a  third  pair  of  flasks,  2  cc. 
of  sterilized  cresol  red  were  added  and  the  medium  was  similarly 
adjusted  with  NaOH.  These  last  four  flasks  were  closed  with 
two-hole  stoppers.  Through  one  hole  was  inserted  a  short  piece 
of  glass  tubing,  to  the  upper  end  of  which  was  fastened  a  piece  of 
rubber  tubing  plugged  with  cotton  and  closed  with  a  screw-clamp. 
Through  the  second  hole  was  passed  a  piece  of  glass  tubing  bent 
at  an  angle  of  about  60°  and  drawn  out  to  a  capillary  point. 
The  flasks  were  incubated  at  37°C.  and  sterilized  1  n  NaOH  and 
indicator  were  added  as  the  fermentation  progressed.  At  the  end 
of  14  days  the  cultures  were  removed  from  the  incubator  and 
analyzed.  The  results  given  in  Table  VII  show  the  effect  of 
varying  the  hydrogen  ion  concentration  on  the  volatile  acid, 
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Compariton  of  Product*  Obtaintd  under  Variou*  Readiont  of  Media. 
Caieuiated  for  100  Ce.  of  CMure. 


^.li;'- 

IS; 

^^^i. 

Aeotonc. 

Valet.  ' 

5.8 
6.2* 

sot 

5.8 
6.2 
8.0 

CaCO, 
NaOH 
NaOH 
CaCO, 
NaOH 
NaOH 

pn. 

0.0720 
0.3276 
0.6040 
0.2566 
0.4404 
0.5400 

an. 
0.4117 
0.3128 
0.2088 
0.4752 
0.6060 
0.346S 

0.1369 
0.0685 
0.0905 
0.106* 
0.1531 
0.1207 

Hm. 

0.3492 

SuorOM 

0.4865 

H 

*  Brom-creaol  purple, 
t  Cresol  red. 


D  Volatile  acid 

^  Alcohol 
■   ACETONL 


Potato   Starch 


Fio.  1.    The  influence  of  varying  the  reactions  of  the  medium  oa  th« 

products  of  fermentation. 

acetoDe,  and  alcohol  production.  The  data  from  the  CaCO» 
cultures  are  comparable  to  those  obtained  in  the  first  experiment 
with  the  exception  that  the  fermentation  was  more  nearly  com- 
plete. An  increase  in  the  pH  of  the  medium  results  in  an  increase 
in  volatile  acid  and  a  decrease  in  alcohol  production.    The  non- 
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volatile  acid  remains  practically  constant  and  in  amounts  approx- 
imating those  in  Table  I.  A  graphic  representation  of  the  change 
of  products  brought  about  by  varying  the  pH  is  given  for  the 
two  carbohydrates,  glucose  and  starch.  Both  the  table  and 
Fig.  1  show  the  pronounced  influence  of  the  pH  of  the  media  in 
determining  the  relative  amounts  of  the  products  formed.  In  a 
second  parallel  experiment,  CaCOs  was  omitted  and  the  different 
reactions  were  obtained  by  means  of  sodium  h3'^droxide  only. 
The  cultures  were  adjusted  to  pH  values  of  5.5,  6.5,  7.5,  and  8.5, 
inoculated,  and  after  10  days  incubation  were  analyzed.  The 
culture  with  pH  5.5  did  not  ferment  very  readily  as  indicated 
by  the  results  of  the  analysis  in  Table  VIII.  The  percentage  of 
the  total  products,  however,  shows  the  same  decrease  of  alcohol 

TABLE  VIII. 

Comparison  of  Products  of  Fermentation  at  Different  Reactions. 

Calculated  for  100  Cc.  of  Culture. 

Total 
prod- 
ucta. 


Carbohydrate. 


Glucose. 


Re- 
action. 

Volatile  acid 
as  acetic. 

Ethyl  alcohol. 

Acetone. 

pB 

5.5 

6.5 

7.5 
8.5 

gm. 

0.2364 
0.4116 
0.4056 
0.6522 

per 
cent* 

51.5 
55.3 
56.1 
64.3 

gm. 

0.1766 
0.2493 
0.2641 
0.3220 

per 
cenf 

38.5 
33.4 
36.5 
31.7 

gm. 

0.0459 
0.0844 
0.0536 
0.0413 

per 

10.0 

11.3 

7.4 

4.0 

gm. 

0.4589 
0.7453 
0.7233 
1.0155 


*  These  figures  represent  the  percentage  of  the  total  products  obtained. 

and  acetone  production  with  an  increase  in  the  pH  as  given  in 
Table  VII.  From  these  two  sets  of  experiments  which  in  general 
confirm  each  other,  it  will  be  seen  that  the  products  of  fermenta- 
tion are  to  a  great  degree  dependent  u[X)n  the  reaction  of  the 
medium.  A  decidedly  acid  reaction  favors  the  formation  of  ace- 
tone and  decreases  the  production  of  acid. 


Fermentation  of  Potato  Starch  in  the  Absence  of  Calcium  Carbonxite. 

The  object  of  this  experiment  was  to  determine  the  rate  of 
acid,  alcohol,  and  acetone  production.  A  medium  of  the  follow- 
ing composition  was  prepared:  5  liters  of  city  tap  water,  50  gm. 
of  peptone,  5  gm.  of  di-basic  potassiimi  phosphate,  and  100  gm. 
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of  [X)tato  starch.  500  cc.  of  this  medium  were  removed  and  100 
CO.  aliquots  of  it  were  transferred  to  150  cc.  Erlenmeyer  flasks. 
These  flasks  were  sterilized  at  15  pounds  pressure  for  30  minutes 
and  then  inoculated  with  Bacillxis  acetoethylicum  and  incubated 
at  37°C.  for  52  hours.  100  cc.  of  this  inoculum  were  added  to 
the  remaining  sterile  4,500  cc.  of  medium  in  a  5  Uter  flask  and 
incubated  at  37°C.  The  flask  was  never  removed  from  the 
incubator  during  the  time  of  active  fermentation.  A  complete 
hydrolysis  of  the  starch  and  vigorous  fermentation  and  evolution 
of  gas  had  taken  place  within  18  hours,  at  which  time  the  first 
analysis  was  made.  At  various  intervals  from  this  time,  180  cc. 
portions  of  the  cultiu-e  were  withdrawn  under  sterile  conditions. 
DupUcate  portions  of  10  cc.  each  were  titrated  directly  with  0.1 
N  barium  hydroxide,  and  50  cc.  were  acidified  with  sulfuric  acid 
and  subjected  to  steam  distillation  for  the  determination  of 
volatile  acids.  The  non-volatile  acid  was  determined  in  a  few 
cases  on  the  residue  from  the  above  distillations  as  pre\dously 
described.  The  alcohol  was  determined  on  100  cc.  of  culture  as 
outlined  in  the  first  experiment.  Tests  for  acetone  were  made  on 
[X)rtions  of  the  alcohol  distillate,  but  no  [X)sitive  tests  were 
obtained  until  the  time  indicated  on  the  chart.  No  acetone  could 
be  detected  until  299  hours  after  inoculation.  A  well  defined  test 
was  obtained  at  the  end  of  395  hours  but  is  not  indicated  in  Fig.  2. 
This  production  of  acetone  at  these  points  seems  to  be  coincident 
with  the  fall  in  acidity.  Speakman  (1920),  working  with  BadUua 
granuldbacter  pectinovorum,  has  observed  the  same  phenoi^enon 
and  makes  the  statement  that  without  this  fall  of  acidity  no 
acetone  is  produced.  He  also  obtained  an  increase  in  acetone 
production  by  adding  various  organic  acids  to  his  media,  which 
would  further  substantiate  the  theory  that  acetone  is  produced 
from  acetic  or  other  acids.  His  experiments  show  that  in  the 
higher  fatty  acid  series  the  yield  of  acetone  is  diminished  in  a 
regular  manner,  and  the  products  of  alcohol  increase. 

From  unpubUshed  data  it  has  been  found  that  acetaldehyde 
is  formed  as  an  intermediate  product,  and  it  is  possible  that  the 
acetone  is  produced  from  this  compound  by  condensation,  oxida- 
tion, and  decarboxylation.  Raistrick  and  Clark  (1919)  state  that 
it  is  one  of  Weizmann's  unpublished  observations  that  BaciUits 
granulobader  pectinovorum  probably  produces  acetone  from  the 
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carbohydrates  of  maize  by  the  decarboxylation  of  aceto-acetic 
acid.  The  exact  nature  of  the  mechanism  of  acetone  formation 
is  still  unsolved.  The  data  on  which  Fig.  2  is  coDstructed  are 
given  in  Table  IX. 

The  hydrolysis  of  potato  starch  in  the  first  stages  of  fermenta- 
tion presents  another  interesting  problem.  These  hydrolytic 
changes,  indicating  enzyme  activity,  were  observed  about  12 
hours  after  inoculation,  and  continued  until  the  solution  was 
perfectly  clear  at  the  end  of  about  36  hours.     Potato  starch 
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Fio.  2.  Curves  showing  the  rate  st  which  different  products  are  formed. 

medium,  treated  with  fresh  inoculum  and  toluene,  when  incu- 
bated, showed  similar  changes.  Starch  medium,  to  which  was 
added  a  portion  of  an  active  culture,  which  had  been  passed 
through  a  Berkefeld  filter,  also  showed  enzyme  activity. 

Samples  of  the  above  cultures  produced  a  red  color  with  iodine 
solution,  and  a  finely  divided  suspension  with  two  volumes  of 
acetone  or  alcohol,  showing  the  presence  of  some  dextrins. 

These  experiments,  though  not  conclusive,  indicate  that  some 
enzymes  are  secreted  which  liquefy  and  hydrolyze  the  starch 
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probably  into  dextrin  and  sugars,  which  are  then  utilized  by  the 

organism  in  the  formation  of  the  various  products  of  fermentation. 

Samples  of  a  fermenting  potato  starch  culture,  when  tested 

with  Fehling's  solution,  showed  no  sugar.    Determinations  on 

TABLE  IX. 

Rate  of  Formation  of  Different  Products. 


Date. 


Apr. 
Apr. 


1990 

Apr.  14,    9  a.m.. 

12  m.... 

2  p.m.. 

4    "    .. 

8  "    .. 
10    "    .. 

Apr.  15,  6  a.m.. 
10    "    .. 

2  p.m.. 

7  "  .. 
Apr.  16,    9  a.m. . 

4  p.m.. 

9  "    .. 

17,  9  a.m.. 
10  p.m.. 

18,  9    "    .. 

19,  9    "    .. 

20,  9    "    .. 

22,  9    "    .. 

23,  9    "    .. 

24,  9    "    .. 
28,  9  a.m.. 


Time  after 
inocula- 
tion. 

0.1] 

«  acid  in  100  cc.  of  ct^t 

Total. 

VoUtile 
acid. 

Non-vola- 
tile acid. 

hrt. 

ce. 

cc. 

cc. 

18 

19.2 

17.2 

4.44 

20 

20.6 

22 

19.7 

24 

21.0 

16.8 

28 

21.0 

17.0 

30 

21.0 

38 

21.6 

17.4 

42 

18.8 

46 

21.3 

51 

19.7 

17.8 

65 

23.2 

18.6 

72 

25.0 

77 

25,3 

19.4 

89 

22.1 

19.8 

5.42 

102 

27.0 

a 

125 

27.1 

18.8 

149 

25.0 

20.4 

173 

24.3 

18.2 

6.58 

251 

27.1 

275 

28.1 

299 

19.1 

395 

13.1 

.  I 


VoUtile 

acid  from 

alcohol. 

cc. 

8.6 


12.6 


20.6 


22.4 

24.4 
28.6 

29.1 
^.8 
35.4 

52.6 
59.0 


aliquots  of  solutions  of  the  above  experiments  yielded  only 
traces  of  a  reducing  sugar.  If  reducing  sugars  are  formed  in  the 
fermenting  culture  they  are  fermented  by  the  organism  so  rapidly 
that  none  accumulates  in  the  culture. 
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CONCLUSIONS. 

Bacillus  acetoethylicum  ferments  glucose,  sucrose,  potato 
starch,  and  xylose  in  a  peptone-phosphate  medium  with  the 
production  of  acetic,  formic,  and  lactic  acids,  ethyl  alcohol, 
acetone,  and  carbon  dioxide.  These  products  represent  from  90 
to  95  per  cent  of  the  sugar  fermented.  In  a  2  per  cent  solution 
75  to  80  per  cent  of  the  original  carbohydrate  is  fermented  within 
10  to  15  days. 

The  optimum  condition  for  acetone  production  is  at  a  pH  of 
5.8  to  6.0.  The  influence  of  the  reaction  of  the  medium  has 
a  very  marked  effect  upon  the  products  formed.  An  alkaline 
medium  maintained  at  about  pH  8.0  is  fermented  by  Bacillus 
acetoethylicum  with  the  formation  of  large  amounts  of  volatile 
acids,  and  comparatively  small  amounts  of  alcohol  and  acetone. 
A  balance  must  therefore  exist  between  these  three  products  in 
the  fermentation  of  the  above  carbohydrates.  An  increase  in 
the  volatile  acid  content  signifies  a  corresponding  decrease  in  the 
amount  of  alcohol  and  acetone  present.  Vice  verga,  an  increase 
of  acetone  and  alcohol,  where  the  fermentation  takes  place  under 
optimum  conditions  for  the  production  of  these  products,  is 
accompanied  by  a  decrease  in  the  yield  of  volatile  acids.  Acetone 
is  not  produced  inMnediately  in  new  cultures,  but  is  formed  after 
several  days  of  fermentation. 

The  volatile  acid  formed  is  composed  of  about  45  per  cent 
formic  and  about  55  per  cent  acetic. 

Ethyl  alcohol,  with  traces  of  some  higher  alcohols,  is  pro- 
duced in  amounts  varying  from  8  to  25  per  cent,  depending  upon 
the  reaction  of  the  fermenting  medium. 

Small  amounts  of  non- volatile  acid  are  produced;  this  acid 
has  been  shown  to  be  lactic. 

Potato  starch  medium  when  inoculated  with  Bacillus  aceto- 
ethylicum is  first  liquefied  and  then  goes  through  a  process  of 
hydrolysis.  No  reducing  sugars  have  been  detected  in  a  ferment- 
ing culture  of  this  kind.  Cultures  previously  treated  with  toluene, 
or  freed  from  organisms  by  filtration,  also  produced  similar 
changes  in  a  starch  medium.  Traces  of  reducing  sugars  were^ 
found,  and  a  characteristic  red  color  was  always  produced  when 
treated   with   iodine   solution.     The   hydrolysis   of    starch   into 
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dextrin-like  substances  indicates  the  liberation  of  enzymes  by  the 
bacterial  cell  which  function  as  hydrolytic  agents.  The  negative 
tests  for  reducing  sugar  do  not  exclude  the  probability  of  their 
formation  during  bacterial  activity,  for  the  sugars  may  be  utilized 
by  the  organism  as  rapidly  as  they  are  formed. 
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DIHYDROXYPHENYLALANINE,  A  CONSTITUENT  OP 

THE  VELVET.  BEAN.* 

By  EMERSON  R.  MILLER. 
{From  the  Alabama  AffricuUural  Experiment  Statiant  Auburn,) 

(Received  foi*  publication,  September  23,  1920.) 

Shortly  after  beginning  a  chemical  investigation  of  the  velvet 
bean  Stizolobium  deeringianum  Bort  the  writer  observed  that 
an  aqueous  extract  of  the  beans  soon  became  colored  when  ex- 
posed to  the  air,  passing  through  several  shades  of  color,  finally 
becoming  black. 

It  was  thought  at  first  that  this  behavior  was  due  to  the  action 
of  a^i  oxidizing  enzyme  upon  a  p-hydroxyphenyl  compound  occur- 
ring in  the  beans,  but  it  later  became  evident  that  an  enzyme  is 
not  necessarily  concerned  in  the  reaction.  This  conclusion  is 
supported  by  the  fact  that  an  extract  of  the  beans  prepared  by 
boiUng  with  strong  alcohol,  filtering,  and  evaporating  to  drjmess 
will  in  a  short  time  turn  black  if  mixed  with  water  and  kept 
exposed  to  the  air. 

Further  examination  developed  the  interesting  fact  that  both 
the  aqueous  and  the  alcoholic  extracts  react  with  ferric  chloride 
producing  a  light  green  color  which  changes  to  a  beautiful  reddish 
purple  upon  the  addition  of  sodium  carbonate  or  other  alkali  or 
by  the  addition  of  sodium  acetate. 

It  was  also  observed  that  both  aqueous  and  alcoholic  extracts 
became  colored  reddish  to  brown  inunediately  upon  addition  of 
an  alkali,  the  degree  and  shade  of  color  depending  upon  the 
strength  and  concentration  of  the  alkali.  This  phenolic  substance 
is  sensitive  to  such  weak  organic  bases  as  pyridine  and  quinoline. 
The  moist  [X)wdered  beans  when  mixed  with  either  of  these  bases 
and  exposed  to  the  air  became  colored  more  rapidly  than  the 

*  Published  with  the  permission  of  the  Director  of  the  Alabama  Agri- 
cultural Experiment  Station. 

481 

THS  JOFRKAL  or  BIOXX>aiCAL  CBEMI8TBT,  VOL.  ZUY,  NO.  2 


482  Dihydroxyphenylalanine 

moist  powder  alone.  With  strong  organic  bases  such  as  piper- 
idine  and  benzylamine  the  production  of  color  is  much  more 
pronounced. 

These  reactions  indicate  that  the  phenolic  substance  is  either 
pyrocatechin  or  a  pyrocatechin  derivative.  The  fact  that  an 
alcoholic  extract  which  gave  no  reaction  for  protein  did  give  a 
pronounced  test  for  nitrogen  suggested  that  the  compound  in 
question  might  be  an  amino-acid  and  at  this  point  it  was  learned 
that  Torquati,^  in  1913,  had  separated  from  seedlings  and  from  the 
pods  of  Vicia  faba  a  nitrogenous  substance  which  in  its  chemical 
reactions  showed  striking  resemblances  to  this  phenolic  substance 
now  separated  from  velvet  beans.  Also  that  Guggenheim*  a 
little  later  had  separated  the  substance  from  the  pods  of  Vicia 
faba  and  had  identified  it  as  the  amino-acid,  3-4-dihydroxyphenyl- 

alanine,  ^^<^       ^-  CH2-  CH(NH2)C00H,  which  Funk»  had 

synthesized  in  1911,  starting  with  3-4-carbonyldihydroxybenzal- 
dehyde  and  hippuric  acid,  following  the  method  of  Erlenmeyer 
and  Halsey*  for  the  synthesis  of  tyrosine. 

Separation  of  the  Phenolic  Substance. 

Following,  in  the  main,  the  methods  of  Torquati  and  Guggen- 
heim, the  author  extracted  a  quantity  of  the  powdered  beans  by 
maceration  and  percolation  with  a  weak  aqueous  solution  of  sulfur 
dioxide  containing  a  small  amount  of  acetic  acid.  The  clear 
liquid  which  resulted  was  then  treated  with  a  20  per  cent  solution 
of  neutral  lead  acetate  as  long  as  a  precipitate  was  formed.  After 
filtration,  which  in  some  cases  was  difficult,  the  filtrate  was  made 
slightly  alkaline  with  ammonia  water,  which  caused  precipitation 
of  the  lead  compound  of  the  amino-acid.  This  was  filtered  oflf, 
washed,  suspended  in  water,  and  decomposed  by  a  current  of 
hydrogen  sulfide.  After  removal  of  the  precipitated  lead  sulfide, 
the  filtrate  was  evaporated  to  dryness  on  a  water  bath  imder 

*  Torquati,  T.,  Arch,  farm,  sperim.,  1913,  xv,  213,  308. 

*  Guggenheim,  M.,  Z.  physiol,  Chem.y  1913,  Ixxxviii,  276. 
'  Funk,  C,  /.  Chem.  Soc,  1911,  xcix,  554. 

*  Erlenmeyer,  E.,  Jr.,  and  Halsey,  J.  T.,  Ann.  Chem.f  1899,  cccvii,  138; 
Ber.  chem,  Ges,,  1897,  xxx,  2981. 
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diminished  pressure  in  a  current  of  carbon  dioxide.  The  residue 
was  crystallized  from  hot  dilute  alcohol.  The  crystalline  sub- 
stance was  found  to  have  a  melting  point  of  275-276°  with  decom- 
position. The  compound  obtained  by  Torquati  melted  at  273- 
275°  and  Guggenheim  reported  the  melting  point  of  his  compound 
to  be  280°. 

Preparation  of  the  Tribenzoyl  Derivative. 

1.5  gm.  of  the  amino-acid  in  300  cc.  of  a  10  per  cent  aqueous 
solution  of  sodium  bicarbonate  were  mixed  with  9.5  gm.  of  ben- 
zoyl chloride  and  shaken  until  the  odor  of  the  latter  had  practi- 
cally disappeared.  The  brown,  amorphous  mass  which  separated 
was  filtered  off,  washed,  dissolved  in  glacial  acetic  acid,  and  again 
precipitated  by  pouring  the  solution  into  water.  The  substance 
which  separated  was  filtered  off  and  crystallized  from  alcohol. 
After  recrystalUzation  the  substance  was  obtained  in  the  form 
of  small  colorless  needles.  The  melting  point  was  found  to  be 
fairly  sharp  at  170°,  with  some  decomposition.  For  the  corre- 
sponding derivative  of  his  com[X)und  Guggenheim  reported  the 
melting  point  170°  (not  sharp). 

A  Kjeldahl  nitrogen  estimation  of  the  tribenzoyl  derivative 
gave  the  following  result.  0.287  gm.  of  the  substance  yielded 
sufficient  ammonia  to  neutralize  6.0  cc.  of  0.1  n  sulfuric  acid,  corre- 
sponding to  2.92  per  cent  of  nitrogen.  Guggenheim  found  2.9 
per  cent  of  nitrogen  in  his  tribenzoyl  derivative.    The  formula 

CeH,CO-0^ \ 

C.H,CO-o/  ^CH2-CH(NHOCC.H5)COOH 

\ / 

requires  2.75  per  cent  of  nitrogen.  In  the  present  case  not  all  the 
substance  used  for  the  nitrogen  determination  was  as  pure  as  the 
portion  used  for  the  melting  point  determination,  which  probably 
accounts  for  the  somewhat  high  result. 

Conversion  into  Protocatechuic  Acid. 

A  small  amount  of  the  substance  under  investigation  was  fused 
with  about  ten  times  its  own  weight  of  potassium  hydroxide, 
cooled,  taken  up  in  water,  acidulated  with  sulfuric  acid,  and  ex- 
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tracted  with  ether.  After  standing  a  short  time  there  was  formed 
in  the  thick,  dark  brown  residue  left  by  distilling  off  the  ether  a 
quantity  of  fine  needle-shaped  crystals.  These  were  found  to 
be  readily  soluble  in  water  or  alcohol,  somewhat  less  so  in  ether, 
and  very  sparingly  soluble  in  boiling  benzene  by  means  of  which 
the  substance  was  separated  and  purified.  The  melting  point 
was  found  to  be  197°.  For  his  compound  Guggenheim  found  the 
melting  point  195°.  Works  of  reference  generally  give  the  melt- 
ing point  of  protocatechuic  acid  as  198-199°. 

The  substance  obtained  by  this  alkali  fusion  also  agreed  with 
protocatechuic  acid  in  that  it  gave  with  ferric  chloride  a  bluish 
green  color  which  was  changed  to  a  deep  red  upon  the  addition 
of  sodiiun  carbonate. 

SolvbilUy  and  Reactions  of  the  Amino- Acid. 

So  far  water  seems  to  be  the  best  solvent  for  this  compound 
since  no  other  solvent  used  extracts  it  from  the  powdered  beans 
so  readily;  however,  on  account  of  its  instabiUty  in  water  in  the 
presence  of  air  an  effort  was  made  to  find  an  organic  solvent  for 
it.  Of  a  great  many  liquids  tried  only  ethyl  and  methyl  alcohols 
<;ould  be  used.  In  ether,  petroleimi  ether,  acetic  ether,  chloroform, 
benzene,  acetone,  and  many  others  it  is  practically  insoluble. 
With  dry  powdered  beans  and  dry  solvent  it  is  not  extracted  even 
by  boiUng  with  the  liquids  named. 

Both  methyl  and  ethyl  alcohol  extract  it  in  the  cold,  though 
very  slowly.  The  process  is  hastened  by  the  use  of  heat,  but  even 
at  the  boiling  point  these  solvents  extract  it  slowly.  Extrac- 
tion with  hot  50  to  75  per  cent  alcohol  will  probably  prove  to  be 
most  satisfactory. 

The  identity  of  the  compound  separated  from  velvet  beans  with 
that  separated  by  Torquati  and  Guggenheim  from  the  pods  of. 
Vicia  faba  is  further  shown  by  complete  agreement  of  their 
chemical  reactions,  as  follows: 

1.  With  ferric  chloride  it  produces  a  green  color  which  is 
changed  to  reddish  purple  upon  the  addition  of  an  alkali. 

2.  With  alkaUes  alone  it  turns  reddish  brown,  finally  black. 

3.  It  immediately  reduces  an  ammoniacal  solution  of  silver 
nitrate. 
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4..  An  aqueous  solution  of  the  amino-acid  dissolves  freshly  pre- 
pared copper  carbonate  forming  a  blue  or  greenish  blue  solution 
in  which  a  black  flocculent  substance  quickly  forms. 

5.  An  aqueous  solution  slightly  acidulated  with  sulfuric  acid 
linunediately  decolorizes  a  solution  of  potassium  permanganate. 

6.  With  a  solution  of  mercuric  chloride  in  distilled  water  it 
seems  to  produce  no  color,  but  upon  the  addition  of  a  small 
amount  of  sodium  acetate  there  is  produced  a  bright  red  color. 
Usually  if  hydrant  water  is  used  the  red  color  is  produced  at  once. 

7.  When  a  small  amount  of  the  substance  in  aqueous  solution 
is  added  to  a  solution  of  potassium  ferricyanide  containing  some 
ferric  chloride  a  blue  or  greenish  blue  color  is  produced  immedi- 
ately, showing  that  reduction  has  occurred. 

8.  With  a  dilute  solution  of  iodine,  or  bromine  or  iodic  acid,  it 
produces  a  pink  to  red  solution  depending  upon  concentration. 

9.  With  potassiimi  ferricyanide  solution  it  produces  a  deep  red 
color. 

It  is  of  some  interest  to  note  that  in  all  these  reactions  the 
amino-acid  beliaves  Uke  the  base  adrenalin. 

10.  An  aqueous  solution  of  this  substance  produces  decided 
effervescence  when  mixed  with  nitrous  acid.  This  is  in  harmony 
with  its  amino-acid  character. 

Presence  of  the  Amino-Acid  in  Other  Varieties  of  Velvet  Beans, 

So  far  the  writer  has  actually  separated  the  previously  men- 
tioned amino-acid  only  from  the  seed  of  the  Early  Speckled  or 
Georgia  velvet  bean,  but  most  of  the  reactions  given  above  were 
applied  to  aqueous  extracts  of  twenty-six  varieties  of  velvet  beans 
obtained  from  the  Alabama,  Georgia,  and  Florida  Agricultural 
Experiment  Stations.  In  all  cases  the  characteristic  reactions 
of  the  amino-acid  were  obtained.  The  same  reactions  were  also 
obtained  with  extracts  of  the  Yokohama^  and  Lyon*  beans.  It 
is  therefore  highly  probable  that  3-4-dihydroxyphenylalanine  is  a 
characteristic  constituent  of  the  seeds  of  plants  of  the  genus 
Stizolobium, 

Seeds  from  several  species  of  other  genera  of  the  family  Legu- 
minosse  were  tested  in  the  same  way  but  with  negative  results. 

•  Stizolobium  haasjoo  Piper  and  Tracy. 
^  Stizolobium  niveum  (Roxburgh)  Kuntze. 


486  Dihydroxyphenylalanine 

Pharmacological  Action, 

Of  even  greater  interest  than  the  chemical  constitution  of  this 
substance  is  the  question  of  its  pharmacological  action. 

As  the  result  of  experiments  upon  guinea  pigs  Guggenheim 
concluded  that  the  substance  is  rather  indifferent  pharmacologi- 
cally. 

However,  in  an  experiment  upon  himself  in  which  he  took  2.5 
gm.  by  mouth  he  experienced  great  distress  within  about  10 
minutes  and  vomited  twice,  thus  showing  that  the  substance  is 
not  wholly  harmless. 

At  the  Florida  Agricultural  Experiment  Station  several  persons 
ate  small  amounts  of  cooked  Lyon  beans  with  the  result  that  some 
who  ate  of  them  experienced  both  vomiting  and  purging. 

When  one  considers  that  this  substance  is  rather  closely  related 
chemically  to  the  powerful  base  adrenahn  it  is  quite  probable 
that  long  continued  feeding  of  velvet  beans  might  cause  such 
harmful  results  as  have  been  observed. 

Further  work  upon  this  amino-acid  is  in  progress. 


A  TEST  FOR  ANTIBERI-BERI  VITAMINE  AND  ITS 

PRACTICAL  APPLICATION  * 

Bt  CASIMIR  funk  and  HARRY  E.  DUBIN. 
(From  the  Research  Laboratory  of  H.  A.  Metz,  New  York.) 

Platb  1. 

(Receiyed  for  publication,  August  11,  1020.) 

INTRODUCTION. 

In  1912,  one  of  us  (C.  F.)  experimented  with  antiberi-beri 
idtamine  to  see  if  it  could  act  as  a  coferment  in  alcoholic  fermen- 
tation. The  experiments  were  unsuccessful  at  that  time,  but 
now  through  the  work  of  Williams,^  Bachmann,'  and  Eddy  and 
Stevenson'  the  subject  has  attained  new  interest.  Their  results 
seem  to  prove  that  vitamine  acti\aty  can  be  measured  by  the 
growth  of  yeast  cells,  and  would  permit  of  dispensing  with  ani- 
mal  experimentation  in  the  initial  stages  of  vitamine  fractionation. 

Because  of  the  uncertainty  of  the  Bachmann  fermentation  test 
and  the  complicated  procedure  of  Eddy's  test,  it  was  thought 
desirable  to  develop  a  more  simple  method  which  would  facilitate 
our  contemplated  vitamine  fractionation  work,  which  we  shall 
discuss  in  detail  later  on. 

Since  our  preliminary  communication,  Williams^  has  published 
a  method  somewhat  analogous  to  ours  but  not  quite  so  easily  or 
so  quickly  manipulated. 

*  Read  before  the  Society  for  Experimental  Biology  and  Medicine, 
New  Haven,  May  22,  1920. 

1  Williams,  R.  J.,  J,  Biol,  Chem.,  1919,  xxxviii,  465. 
«  Bachmann,  F.  M.,  /.  BioL  Chem.y  1919,  xxxix,  235. 
» Eddy,  W.  H.,  and  Stevenson,  H.  C,  Proc.  Soc,  Exp,  Biol,  and  Med,, 
191^20,  xvii,  122. 

*  Williams,  R.  J.,  J.  Biol,  Chem,,  1920,  xlii,  259. 
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Method, 

Our  procedure  is  as  follows.  A  yeast  suspension  is  prepared 
by  shaking  a  loopful  of  a  48  hoijrs  pure  yeast  culture  in  100  cc.  of 
Nageli  solution  on  a  shaking  machine  for  3  hoiu^.  Duplicate 
sets  of  tubes  (ordinary  bacteriological  test-tubes)  are  prepared 
containing: 

(1)  4  cc.  yeast  suspension  +  5  cc.  Nageli  +  1  cc.  water. 

(2)  1  cc.  unknown  vitamine  solution  +  5  cc.  Nageli  +  4  cc. 
water. 

(3)  1  cc.  unknown  vitamine  solution  +  5  cc.  Nageli  +  4  cc. 
yeast  suspension. 

The  tubes  are  incubated  for  20  hours  at  30°C.,  and  the  fer- 
mentation is  then  interrupted  by  heating  the  contents  of  the 
tubes  to  75°C.  in  a  water  bath  for  a  few  minutes.  This  st^p  is 
of  importance  as  otherwise  the  continuing  fermentation  would 
interfere  with  the  subsequent  centrifugation.  The  contents  of 
the  tubes  are  now  transferred  to  special  centrifuge  tubes,  the 
bottom  part  of  which  ends  in  a  capillary  2.5  cm.  long  and  divided 
into  mm.,  as  shown  in  the  full  size  photograph  (Fig.  1).  The 
transfer  is  made  quantitatively  by  washing  four  times  with  1  cc. 
portions  of  water.  A  piece  of  wire  about  half  the  size  of  the 
capillary  is  then  used  to  force  the  air  out  of  the  capillary  of  the 
centrifuge  tube,  and  the  wire  washed  with  a  few  drops  of  water. 

The  tubes  are  now  centrifuged  at  about  2,500  revolutions  per 
minute  for  15  minutes,  and  the  reading  on  the  capillary  is  made 
without  much  delay  as  there  is  a  tendency  for  the  yeast  cells 
to  swell  slightly  after  a  time.  The  centrifuge  tubes  are  easily 
cleaned  with  the  aid  of  the  piece  of  wire,  used  as  a  ramrod. 

The  reading  of  Tube  1  constitutes  the  blank  and  must  be 
subtracted  from  the  reading  of  Tube  3;  Tube  2  shows  no  growth 
of  yeast  cells  and  is  included  in  the  test  merely  as  an  extra  con- 
trol. Sterility  during  the  entire  process,  excepting  centrifuga- 
tion, is  of  paramount  importance.  A  microscopic  examination 
of  the  centrifuged  mass  showed  well  formed  yeast  cells  only. 

The  above  procedure  was  so  well  standardized  that  the  con- 
trols with  yeast  suspension  and  Nageli  alone  were  practically 
constant  at  3.5  nam.  Tests  which  did  not  give  a  reading  of  at 
least  4.5  nmi.  were  considered  to  indicate  the  inactivity  of  the 
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substance  the  vitamine  content  of  which  was  being  investigated. 
Duplicate  experiments  checked  very  well,  so  that  the  method 
appeared  to  be  applicable  for  a  quantitative  determination.  It 
was  noticed,  however,  that  the  amount  of  growth  of  yeast  cells 
obtained,  as  shown  by  the  reading  of  the  centrifuge  tube,  does 
not  double  if  the  amount  of  vitamine  is  doubled. 

By  trying  varying  amounts  of  vitamine,  a  curve  was  estab- 
lished— ^using  autolyzed  yeast  as  a  source  of  vitamine  and  as  a 
standard — by  which  it  is  possible  to  approximate  the  vitamine 
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Cc.  o^  aiutGlyzed  yeast 

Chabt  1.  Vitamine  activity  shown  by  increasing  amounts  of  autolyzed 
yeast. 

content  of  an  unknown  substance  in  terms  of  the  standard, 
autolyzed  yeast. 

The  method  is  sensitive  to  0.0001  cc.  of  autolyzed  yeast,  but 
the  test  is  best  arranged  so  that  the  amount  of  unknown  sub- 
stance used  corresponds  to  0.05  cc.  of  autolyzed  yeast,  since  in 
the  interval  between  0.01  and  0.1  cc.  of  autolyzed  yeast  the  curve 
climbs  up  abruptly  and  small  differences  can  be  read  with  facility. 

It  will  be  noticed  (Chart  1)  that  although  the  curve  as  a  whole 
tends  to  flatten  out,  that  part  of  the  curve  between  0.01  Emd  0.1 
cc.  is  practically  a  straight  line,  and  it  is  this  part  of  the  curve, 
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plotted  separately  (Chart  2),  that  is  best  used  in  determining 
the  activity  of  a  substance.  Should  the  test  yield  a  too  volum- 
inous growth  of  yeast  cells,  the  solution  being  tested  may  be 
diluted  so  that  the  amoimt  taken  for  a  test  (1  cc.)  will  give  a 
result  that  will  be  readable  on  Chart  2. 
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Chart  2.  Vitamine  activity  shown  by  increasing  amounts  of  autolyxed 
yeast. 
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Chart  3.  Effect  of  varying  amounts  of  yeast  suspension. 

In  order  to  determine  whether  or  not  the  amount  of  yeast 
suspension  used  in  the  test  has  any  effect  upon  the  final  results, 
a  series  of  experiments  was  made  in  which  the  amount  of  auto- 
lyzed  yeast  was  constant  (0.01  cc),  while  the  quantity  of  yeast 
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suspension  was  varied  from  0.5  to  5.0  cc.  Chart  3  shows  that 
the  variation  of  the  amount  of  yeast  suspension  has  very  little 
effect  on  the  final  result,  as  obtained  by  our  method,  whereas  in 
Eddy's  method  the  number  of  cells  incubated  varies  the  controls 
to  an  undesirable  extent. 

DISCUSSION. 

Using,  as  we  did,  autolyzed  yeast  as  a  source  of  antiberi-beri 
vitamine,  we  have  evidence  in  the  flattening  out  of  our  curve 
that  there  are  inhibiting  substances  present.  In  no  case  did  we 
find  an  exact  direct  proportionality.  This  shows  that  at  present 
the  method  cannot  be  applied  for  the  purpose  of  comparing 
the  vitamine  content  of  different  substances,  because  not  only 
the  amount  of  vitamine  but  also  the  inhibitory  substances  may 
vary.  It  may  be  noted  here  that  Williams*  did  obtain  a  propor- 
tionality in  certain  concentrations,  using  a  vitamine  solution  of 
unstated  origin,  but  he  also  notices  the  presence  of  inhibitory 
substances.  At  any  rate,  for  the  purposes  of  approximating  the 
vitamine  activity  under  usual  conditions,  our  yeast  curve  is 
of  greater  advantage  than  that  of  Williams  because  the  natural 
yeast  extract  used  compares  with  natural  extracts  of  substances 
to  be  tested. 

We  must,  of  course,  be  careful  in  interpreting  results  obtained 
by  any  of  the  present  methods.  A  negative  result  may  simply 
mean  the  presence  of  inhibitory  substances,  whereas  a  positive 
result  very  likely  indicates  the  presence  of  Emtiberi-beri  or 
B  vitamine.  However,  in  working  with  one  substance  only,  as 
for  example  autolyzed  yeast,  the  results  obtained  are  of  real 
value  in  showing  the  extent  of  activity  and  the  removal  of  inhibi- 
tory substances  at  various  stages  of  yeast  fractionation  and 
purification. 

Our  findings  suggest  that  in  curing  beri-beri  pigeons  or  in 
studying  growth  in  rats,  we  may  encounter  the  same  difficulty; 
namely,  that  treating  with  crude  vitamine-containing  substances 
may  give  us  the  results  as  affected  by  the  presence  of  inhibiting 
elements,  and  may  not  be  at  all  indicative  of  the  true  value  of 
the  substance  fed. 

We  feel  also  that  a  quantitative  estimation  of  the  vitamine 
content  of  any  product  is  possible  only  if  the  factor  of  inhibition 
can  be  removed  or  obviated. 
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Specificity  Tests. 

After  a  method  well  suited  to  our  needs  had  been  developed, 
it  was  then  believed  worth  while  to  determine  how  far  the  test  is 
specific  for  antiberi-beri  vitamine.  To  this  end,  various  sub- 
stances were  tried  with  results  as  shown  in  Table  I. 

Ver\'  small  amounts  of  purified  vitamine  fractions  from  yeast 
prepared  by  Funk*  in  1912  and  analyzed  in  1913  still  retained 
their  activity  though  somewhat  attenuated.  Eddy  has  likewise 
tested  these  fractions  with  similar  results. 

Urine  exhibited  acti\'ity,  thus  corroborating  Muckenfuss*  and 
Gaglio,^  who  also  found  vitamine  in  urine.  This  test  may  prove 
to  be  of  clinical  value  later  on,  but  possibly  blood  could  be  used 
to  greater  advantage  for  diagnostic  purposes. 

Saliva  was  found  inactive,  and  this  was  also  the  case  with 
polished  rice,  in  spite  of  the  recent  statement  of  Green*  to  the 
contrary. 

Corn  and  wheat,  separated  from  the  germ  by  the  method  of 
Voegtlin  and  Myers'  still  exhibited  considerable  activity  although 
about  ten  times  less  than  that  shown  by  the  germ-containing 
portion. 

Among  the  substances  showing  no  activity  were  leucine, 
tryptophane,  allantoin,  hydantoin,  nicotinic  acid,  a  mixture  of 
ten  purine  and  pyrimidine  bases,  and  a  mixture  of  six  amino- 
acids. 

Extracted  meat  and  starch,  Crisco  and  lard,  autoclaved  at  30 
pounds  for  3  hours,  showed  no  activity.  These  extracted  and 
autoclaved  foodstuffs  are  now  being  used  in  our  laboratory  for 
dietary  experiments  with  rats.  We  are  using  this  method  of 
establishing  the  absence  of  vitamine  B  from  the  experimental 
diets. 

Orange  juice  was  found  to  be  active  but  on  shaking  with  full- 
ers' earth  (50  gm..  per  liter)  for  6  hours  it  lost  some  of  its  activity; 
shaking  with  200  gm.  per  liter  removed  all  the  active  substance 
from  orange  juice. 

» Funk,  C,  J,  Physiol,,  1912-13,  xlv,  75;  1913,  xlvi,  173. 

•  Muckenfuss,  A.  M.,  J.  Am,  Chem.  Soc,  1918,  xl,-1606. 
^  Gaglio,  G.,  Policlinico,  1919,  xxvi,  1381. 

•  Green,  H.  H.,  South  African  J,  Sc,  1918,  xiv,  483. 

'  Voegtlin,  C,  and  Myers,  C.  N.,  Am.  J,  Physiol,,  1919,  zlviii,  504. 
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TABLE  I. 

Specificity  TeaU, 


No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
15 

16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

27 


Substance  tested. 


0.6  mg.  crude  vitamine  fraction  (1912) 

0.4    "      "  "  "        (1913,  No.  1) 

0.4    "      "  "  "        (1913,  No.  2) 

1  cc.  urine 

12  mg.  thyroid  (desiccated) 

75  cc.  pituitary 

100  mg.  com  (minus  the  germ) 

Com  germ 

100  mg.  wheat  (minus  the  germ) 

100    "       "        germ....: 

1  cc.  orange  juice 

1   "        "   .       "        shaken  for  6  hrs.  with  fullers' 

earth  (50  gm.  per  liter) 

1  cc.  orange  juice  shaken  for  6  hrs.  with  fullers' 

earth  (200  gm.  per  liter) 

0.05  cc.  autolyzed  yeast  (protein-free) 

0.05  "  "  "      shaken  with  fullers'  earth 

(50  gm.  per  liter)  for  6  hrs 

0.05  cc.  autolyzed  yeast  shaken  with  fullers'  earth 

(200  gm.  per  liter)  for  6  hrs 

150  mg.  polished  rice 

20     "    hydantoin 

20      "    nicotinic  acid 

20      "    leucine 

20      "    allantoin 

1  cc.  saliva 

3  mg.  pilocarpine 

10    "    tryptophane 

0.01  cc.  cod  liver  oil  (watery  extract) 

1  cc.  of  a  solution  representing  10  mg.  each  of  a 

mixture  of  ten  purine  and  pyrimidine  bases 

1  cc.  of  a  solution  representing  10  mg.  each  of  a 

mixture  of  six  amino-acids 


Activity.* 


fun, 

2.0 

1.0 

2.5 

4.0 

2.0 

2.0 

5.0 
10.0 

3.5 

6.5 
10.5 

3.5 

ot 

11.5 

6.0 

3.5 
0 

Negative,  t 

0 

0 

0 
Negative. 

0 

0 

0 

Negative. 
0 


*  It  should  be  borne  in  mind  that  a  blank  determination  is  nm  with 
every  test  and  that  the  figures  in  the  "activity"  colunm  represent  actual 
readings  with  the  blank  already  subtracted. 

t  A  ''zero"  reading  means  that  the  actual  reading  was  exactly  the  same 
as  the  blank. 

X  A  "negative"  result  signifies  that  the  actual  reading  obtained  was 
less  than  the  blank,  which  would  indicate  that  there  has  been  some  inhi- 
bition which  retarded  the  growth  of  the  yeast  cells. 
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Autolyzed  yeast,  shaken  with  fullers'  earth  (200  gm.  per  liter)^^ 
had  lost  the  greater  part  of  its  activity;  larger  amounts  of  fullers' 
earth  would  undoubtedly  remove  all  the  Emtiberi-beri  vitamine. 

A  watery  extract  of  cod  liver  oil  proved  to  be  inactive. 

Pilocarpine,  found  by  Dutcher^®  to  be  curative  for  beri-beri 
pigeons,  showed  no  activity,  while  desiccated  thyroid  gland  was 
active,  as  it  contained  some  cellular  constituents.  Pituitary  gland 
was  likewise  found  active,  for  the  same  reason.  These  alleged 
curing  experiments  with  pilocarpine  and  thyroxin  are  most  likely 
due  to  stimulation  of  metabolism  and  setting  free  of  the  vitamine 
in  the  organs. 

Influence  of  Various  Reagents  and  Procedures  on  the  Vitamine  of 

Autolyzed  Yeast, 

As  a  preliminary  to  a  systematic  fractionation  of  autolyzed 
yeast,  we  studied  the  acti\dty  of  the  yeast  under  varying  condi* 
tions.  A  definite  amoimt  of  the  yeast  was  treated  in  a  certain 
way  after  which  its  activity  was  tested,  and,  since  the  quantity 
of  yeast  ultimately  taken  for  a  test  always  corresponded  to 
0.05  cc.  of  the  original  yeast,  the  results  obtained  were  directly 
comparable  with  each  other.  The  following  is  a  brief  r6Bum6  of 
our  findings,  as  recorded  in  Table  II. 

1.  Oxidation  with  oxygen  and  platinum  sponge  has  no  effect 
upon  the  activity. 

2.  Reduction  with  palladiimi  chloride  and  hydrogen  increases 
the  activity,  either  because  of  a  true  reduction  of  the  vitamine 
or  because  of  the  removal  of  some  inhibiting  substances. 

3.  Oxidation  with  potassium  permanganate  in  neutral  and  in 
acid  media  reduces  the  activity. 

4.  Oxidation  with  hydrogen  peroxide  prevents  the  growth  of 
yeast  cells,  but  if  the  peroxide  is  removed  before  maddng  the 
test  then  no  lessening  in  the  activity  results.  This  indicates 
that  the  mere  presence  of  peroxide,  and  likely  of  permanganate 
too,  serves  to  prevent  the  growth  of  yeast  cells. 

5.  Reduction  with  zinc  dust  and  sulfuric  acid  increases  the 
activity. 

"  Dutcher,  R.  A.,  /.  BioL  Chem,,  1919,  xxxix,  63. 
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6.  Addition  of  zinc  dust  to  yeast  has  no  eflfect  upon  the  activity. 

7.  After  precipitating  with  lead  acetate,  removing  the  lead 
with  H2S,  there  is  a  marked  increase  pf  activity  due  undoubtedly 
to  the  elimination  of  certain  impurities. 

8.  Precipitation  with  silver  acetate  slightly  reduces  the  activity. 

9.  Both  mercuric  sulfate  and  mercuric  chloride  precipitations 
increase  the  activity. 

TABI^  II. 

Influence  of  Variaus  Reagents  and  Proceduree  on  the  Activity  of  Autolyzed 

Yeast* 


No. 


1 
2 
3 
4 

6 
6 

7 

8 
9 
10 
II 
12 
13 
14 
16 
16 
17 


Method  of  treatment. 


Filtered  through  Berkefeld  filter 

Protein  removed 

Oxidation  with  platinum  sponge  and  oxygen  for  8  hrs. 
Reduction  with  palladium  chloride  and  hydrogen  for 

8  hrs 

Treatment  with  nitrous  acid 

Oxidation  with  hydrogen  peroxide 

Same  as  No.  6  but  with  peroxide  removed  before 

testing 

Reduction  with  zinc  dust  and  sulfuric  acid 

Treatment     '*        "       "     alone 

Boiling  for  3  hrs.  with  acetic  anhydride 

Oxidation  with  potassium  permanganate 

Same  as  No.  11  in  the  presence  of  sulfuric  acid 

Lead  acetate 

Silver     "       

Mercuric  sulfate 

"  chloride 

Extracted  with  ether  and  ether  extract  tested .    . 


Activity. 


mm. 

10.6 
10.5 
10.5 

14.0 

11.5 

Negative. 

10.6 

15  0 

10  5 

Negative. 

1.5 

3.0 
26.0 

8.0 

9  5 
12.0 

10 


•  See  foot-notes  to  Tables  I  and  111. 

10.  Nitrous  acid  increases  the  activity  somewhat.  McColluin 
and  Simmonds^^  also  have  found  that  B  vitamine  is  not  affected 
by  nitrous  acid. 

11.  Ether  of  itself  extracts  nothing  that  is  active  from  auto- 
lyzed yeast,  but  to  the  slight  extent  that  yeast  is  soluble  in  ether, 
the  ether  extract  shows  a  correspondin.e;ly  slight  activity. 

"  McCollum,  E.  v.,  and  Simmonds,  N.,  J.  Biol,  Chem.,  1917,  xxxiii,  65. 
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Frdctionation  of  Autolyzed  YeasL 

The  starting  point  in  this  work  was  an  extract  of  autolyzed 
yeast,  because  such  -an  extract  is  very  rich  m  antiberi-beri  vit^ 
mine.  For  example,  two  extracts  were  prepared;  (1)  by  the 
method  of  Osborne  and  Wakeman,^*  and  (2)  by  our  method 
which  consisted  of  autolyzing  the  yeast  and  then  boiling  it  to 
remove  the  coagulable  protein.  The  same  quantity  of  yeast 
was  used  in  each  case  and  the  final  concenti'ation  in  each  was  the 
same.  It  is  of  interest,  therefore,  to  note  that  whereas  the  first 
extract — according  to  the  method  of  Osborne  and  Wakeman — 
contained  only  one-fifth  of  the  nitrogenous  substances  present 
in  the  second  extract,  the  latter  was  many  times  more  active  than 
the  former  in  spite  of  the  large  amount  of  impurities  present. 
It  was  this  finding  which  prompted  us  to  autolyze  the  yeast 
before  extracting  it. 

The  subsequent  fractionation  was  carried  out  as  follows: 

Starting  with  a  definite  amount  of  yeast  extract  the  nitrogen 
content  of  which  had  been  determined  and  the  vitamine  activity 
of  which  had  been  established  by  the  method  just  described,  lead 
acetate  was  added  to  complete  precipitation,  and  the  excess  lead 
removed  with  HsS,  which  was  in  turn  removed  by  vacuiun  evapo- 
ration. The  solution  was  then  made  up  to  original  volume  and 
the  nitrogen  content  and  vitamine  activity  were  again  deter- 
mined. The  same  procedure  was  then  repeated  with  mercuric 
sulfate,  silver  acetate,  and  mercuric  chloride,  respectively,  the 
nitrogen  content  and  vitamine  activity  being  determined  each 
time,  after  eUminating  the  precipitating  reagent  and  making  up 
to  the  original  volume. 

The  solution  was  then  acidified  with  HCl  and  treated  with 
nitrous  oxide,  after  which  it  was  extracted  with  ether,  and  the 
ether  washed  with  water,  the  washings  being  added  to  the  ex- 
tracted solution.  The  nitrogen  and  vitamine  activity  were  again 
determined.  The  vitamine  activity  of  the  ether  extract  was  also 
determined. 

The  final  step  was  the  reduction  of  the  solution  with  hydrogen 
and  palladium.  The  results  obtained  are  summarized  in  Table 
III  from  which  it  may  be  seen  that  the  total  nitrogen  content 

"  Osborne,  T.  B.,  and  Wakeman,  A.  J.,  J.  BioL  Chem.,  1919,  xl.  383. 
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has  been  reduced  from  14.89  to  4.55  gm.,  while  the  vitamine 
activity  has  been  reduced  from  a  reading  of  10.6  to  6.6  nmi. 
When  it  is  considered  that  the  original  yeast  had  been  manipu- 
lated for  a  period  of  12  weeks  through  a  series  of  four  precipita- 

TABLE  III. 

Activity  of  Autolyzed  Yeast  at  Various  Stages  of  Purification, 


No. 

Substance  tested  and  procedure  employed.  * 

Nitrocen. 

Activity. 

1 

Orieinal  protein-free  yeast 

14.89 
12.84 

12.18 

11.20 

10.3 
4.55 

10.5 

2 

No.  1  plus  lead  acetate — filtrate 

20.0 

3 

Concentration  of  filtrate  of  No.  2  yielded 
6  gm.  of  substance  which  crystallized 
out — 10  mg 

Negative. 

4 

No.  2  filtrate  plus  mercuric  sulfate— 
filtrate 

9.5 

5 

Mercuric    sulfate    precipitate    decom- 
posed and  dissolved  in  water 

2.5 

6 

No.    4    filtrate    plus    silver    acetate- 
filtrate 

8.0 

7 

Silver  acetate  precipitate  decomposed 
and  dissolved  in  water 

35 

8 

No.  6  filtrate  plus  mercuric  chloride — 
filtrate 

12.0 

9 

Mercuric    chloride    precipitate    decom- 
posed and  dissolved  in  water 

Negative. 

10 

No.  8  filtrate  plus  nitrous  acid 

4. Of 

11 

Ether  extract  of  No.  10 

Negative. 

12 

After  extracting  No.  10  with  ether,  it 
was  reduced  with  hydrogen  and  pal- 
ladium  

5.5 

*  All  the  tests  made  corresponded  to  0.05  cc.  of  original  protein-free 
autolyzed  yeast,  so  that  the  activity  as  shown  by  one  test  is  directly  com- 
parable to  that  of  any  other  test. 

t  The  reduced  activity  noted  here  is  due  to  certain  causes  which  will 
be  explained  in  a  later  paper.  It  may  be  seen  from  No.  5,  Table  II,  that 
nitrous  acid  materially  increases  the  activity  of  the  yeast. 

tions,  a  diazotization,  and  a  reduction,  together  with  unavoidable 
small  losses  at  every  stage,  it  is  indeed  worthy  of  record  that  the 
loss  of  activity  was  no  greater  than  that  found.  As  for  the  loss 
in  activity  during  the  diazotization,  we  have  learned  the  cause 
and  eliminated  it  in  our  subsequent  work  so  that  our  end-product 
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will  show  even  greater  activity  than  that  recorded.  Incidentally 
the  many  manipulations  speak  well  for  the  stability  of  the  anti- 
beri-beri  vitamine  under  various  conditions. 

SUMMARY    AND    CONCLUSION. 

We  have  described  a  method  for  testing  the  antiberi-l>eri 
vitamine  content  of  various  substances,  using  autolyzed  j'east  as 
a  standard.  We  have  used  the  method  in  determining  the 
approximate  vitamine  activity  of  a  number  of  products,  and  in 
observing  the  activity  of  autolyzed  yeast  under  various  condi- 
tions. By  this  method  we  have  also  been  able  to  carry  out  a 
systematic  fractionation  of  autolyzed  yeast  testing  the  vitamine 
activity  at  each  stage  of  the  purification. 

Despite  the  apparent  uncertainty  surrounding  the  whole  prob- 
lem of  the  vitamines,  it  is  nevertheless  readily  admitted  that  only 
with  some  such  method  as  we  have  described  for  the  testing  of 
vitamine  activity,  is  it  possible  to  make  greater  strides  in  the 
attempt  to  isolat<3  and  identify  the  B  \itamine. 

Some  investigators  believe  that  the  B  vitamine  is  not  identical 
with  the  substance  promoting  the  growth  of  yeast.  Regarding 
this  contention,  we  are  not  prepared  as  yet  to  make  any  definite 
statement.  However,  the  question,  whether  we  are  dealing  with 
one  vitamine — at  least  as  found  in  original  extracts — or  with  two 
vitamines  existing  side  by  side,  is  at  present  under  further  inves- 
tigation, and  will  be  reported  at  a  later  date. 


KXPLANATION    OF   PLATE    1. 

Fig.  1.  The  tube  at  the  left  shows  the  reading  of  the  blank,  while  the 
other  two  tubes  show  the  readings  obtained  with  different  amounts  of 
autolyzed  yeast.  • 
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(Received  for  publication,  August  25,  1920.) 

The  accurate  separation  and  estimation  of  the  products  formed 
by  the  hydrolysis  of  proteins  still  present  a  problem  which  is  far 
from  solved  though  many  improvements  have  been  made  in 
recent  years.  The  importance  of  the  problem  requires  no 
emphasis. 

In  recent  communications  (1918,  1919)  the  writer  has  shown 
that  certain  approximate  separations  of  amino-acids  could  be 
effected  by  the  use  of  partially  miscible  solvents  such  as  butyl 
alcohol.  Under  appropriate  conditions  the  feebly  ionized  mono- 
amino-acids  and  proline  are  readily  extracted  while  the  strongly 
ionized  bases  and  dicarboxylic  acids  remain  behind.  The  method 
held  out  promise  of  material  improvements  in  the  analysis  of  the 
products  of  hydrolysis  of  proteins.  With  the  experience  gained 
in  the  use  of  the  method  in  separating  some  of  the  products  from 
casein,  glutenin,  and  gliadin  as  a  guide,  it  was  decided  to  select 
a  protein  of  medium  complexity  and  to  endeavor  to  separate  its 
products  of  hydrolysis  as  completely  as  possible.  Gelatin  was 
the  protein  selected  partly  because  existing  analyses  were  excep- 
tionally incomplete  and  also  because  the  reputed  absence  of 
tryptophane  and  tyrosine  appeared  to  simplify  the  problem 
somewhat.  As  a  matter  of  fact  traces  of  tyrosine  were  always 
found  and  the  complications  due  to  the  presence  of  large  amounts 
of  glycine  and  hydroxyproUne  more  than  counterbalanced  any 
advantage  from  the  absence  of  tryptophane.  However,  a  fair 
separation  of  most  of  the  amino-acids  from  gelatin  has  been 
made,  making  up  a  total  of  somewhat  over  90  per  cent  of  the 
gelatin  taken.  Some  indication  has  been  obtained  as  to  the 
nature  of  the  remainder,  while  the  definite  absence  of  several 
amino-acids  has  been  established  whose  occurrence  was  pre- 
viously a  matter  of  doubt. 
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In  the  following  sections  an  account  is  first  given  of  the  general 
line  of  attack  followed  in  the  endeavor  to  separate  and  estimate 
the  various  amino-acids  from  gelatin.  The  separate  amino- 
acids  are  then  considered  in  detail  together  with  an  account  of 
the  practical  details  used  in  their  isolation.  After  the  individual 
amino-acids  have  been  considered,  a  short  discussion  of  the 
results  is  given  together  with  a  comparison  of  those  previously 
recorded.  Finally  a  description  is  given  of  the  preparation  and 
properties  of  a  new  tricyclic  peptide  isolated  from  gelatin,  hy- 
droxyprolylproline  anhydride,  and  also  the  preparation  of  inac- 
tive proline  hydantoin. 

EXPERIMENTAL. 

The  presentation  of  the  experimental  results  in  a  concise  form 
has  certain  difficulties  since  they  relate  to  something  over  a 
dozen  separate  analyses  in  each  of  which  some  ^particular  group 
of  amino-acids  was  specially  investigated.  The  preparation  of 
the  hydrolyzed  material  was  substantially  the  same  in  all  cases 
and  was  as  follows: 

About  250  gm.  of  moist  gelatin  (gold  or  silver  label)  were  boiled  for  12 
to  20  hours  with  sulfuric  acid  (300  gm.)  and  water  (650  cc.)*  The  solution 
was  then  transferred  to  a  porcelain  beaker  and  heated  for  8  hours  in  an 
autoclave  at  135-140®.  The  liquid  was  then  diluted  with  hot  water  and 
barium  hydroxide  added  imtil  Congo  paper  was  no  longer  turned  blue. 
The  barium  sulfate  was  removed  by  filtration  and  the  precipitate  digested 
three  times  with  additional  hot  water.  The  combined  filtrates  were  con- 
centrated imder  low  pressure  to  a  thin  syrup  and  made  up  to  a  known 
volume;  e,g,y  500  cc.  The  actual  content  of  gelatin  products  was  deter- 
mined by  analyzing  an  aliquot  part  for  total  nitrogen,  adopting  18  per  cent 
as  the  nitrogen  content  of  gelatin.  The  solution  was  still  fairly  strongly 
acid  to  litmus  and  no  loss  of  ammonia  had  occurred.  For  extraction  with 
butyl  alcohol  an  amount  of  solution  equivalent  to  100  to  150  gm.  of  gelatin 
was  generally  used.  In  order  to  avoid  unnecessary  repetition  it  may  be 
stated  at  this  point  that  evaporations  of  the  amino-acid  solutions  at  every 
stage  were  carried  out  under  reduced  pressure  and  that  highly  purified 
reagents  were  used  for  the  constantly  recurring  precipitations.  Omission 
of  these  obvious  precautions  lead  to  errors  of  considerable  magnitude. 
Innumerable  analyses  of  the  various  fractions  were  carried  out  by  element- 
ary combustion,  by  the  Kjeldahl  and  Van  Slyke  methods,  and  by  polari- 
metric  observations.  Only  a  few  of  these  results  are  worth  recording  but 
collectively  they  furnished  valuable  information  as  to  the  progress  of  the 
various  separations.  * 
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Extraction  with  Butyl  Alcohol  at  Normal  Pressure. 

The  extraction  of  hydrolyzed  gelatin  with  boiling  butyl  alcohol 
under  atmospheric  pressure  was  carried  out  under  the  sanie 
conditions  as  those  previously  described  in  connection  with 
casein.  A  Kutscher-Steudel  apparatus  was  used  and  the  liquid 
to  be  extracted  was  kept  at  about  60°C.  by  means  of  a  bath  or 
minute  flame.  A  Pyrex  or  Jena  flask  was  used  as  container  for 
the  butyl  alcohol  and  in  order  to  promote  rapid  boiling  the  flask 
was  placed  in  a  tin  with  high  walls.  The  bottom  of  the  tin  was 
cut  out  with  the  exception  of  a  small  rim  and  replaced  by  a  single 
layer  each  of  iron  gauze  and  thin  asbestos  paper.  A  fairly  large 
Bunsen  flame  surrounded  by  a  gauze  jacket  secured  a  rapid 
circulation  of  the  butyl  alcohol.  Soon  after  commencing  the 
experiment  large  amounts  of  proline  were  rapidly  extracted  and 
remained  in  solution  in  the  butyl  alcohol,  while  a  fine  granular 
precipitate  of  amino-acids  separated  out  precisely  as  in  the 
experiments  with  hydrolyzed  casein.  At  intervals  of  12  to  24 
hours  the  extraction  vessel  was  changed  and  the  butyl  alcohol 
renewed. 

Solid  Extracted  Amino-Acids. — The  granular  precipitate  of 
amino-acids  first  acciunulating  in  the  extraction  flask  was  filtered 
ofif  and  washed  with  alcohol  and  dried.  It  was  found  to  contain 
the  leucine,  phenylalanine,  alanine,  and  some  of  the  hydroxy- 
proline.  After  about  48  hours  extraction  the  character  of  the 
deposit  changed  and  became  progressively  less  granular,  finally 
assuming  a  pasty  quality.  Furthermore  it  was  found  that, 
imlike  the  experiments  with  casein  products,  it  was  almost  impos- 
sible to  bring  the  extraction  to  an  end  within  a  reasonable  time, 
so  that  even  aJter  a  week's  extraction  solid  amino-acids  were 
still  acciunulating.  The  reason  for  this  divergent  behavior  was 
f oimd  to  arise  from  the  presence  of  large  amounts  of  glycine  and 
hydroxy  proline.  Glycine,  unUke  alanine  and  its  higher  homo- 
logues,  is  extracted  by  butyl  alcohol  under  the  present  condi- 
tions with  great  slowness,  so  that  even  after  a  week's  extraction 
only  about  a  fifth  of  the  total  glycine  is  removed.  The  hydroxy- 
proline  is  more  readily  extracted  than  glycine  and  its  extrac- 
tion may  be  carried  to  virtual  completion  but  its  large  amount  in 
gelatin  leads  to  its  appearance  in  early  and  late  fractions. 
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The  following  data  indicate  the  general  course  of  a  typical 
extraction  so  far  as  the  solid  amino-acids  are  concerned.  115 
gm.  of  hydrolyzed  gelatin  gave  on  extraction  36  gm.  of  soUd 
amino-acids  washed  with  alcohol  and  ether  and  dried  at  110°. 
They  contained  13.72  per  cent  total  nitrogen  and  10.52  per  cent 
amino  nitrogen  the  difference  of  3.2  per  cent  being  due,  apparently 
exclusively,  to  hydroxy  proline.  The  specific  rotation  of  the 
mixture  in  5  per  cent  aqueous  solution  was  — 18.8°.  About  10 
per  cent  of  glycine  (3.6  gm.)  was  separable  as  ethyl  ester  hydro- 
chloride. The  remainder  was  made  up  of  the  amino-acids  already 
enumerated.  The  most  painstaking  examination  of  the  aqueous 
liquid  remaining  after  extraction  failed  to  show  the  presence  of 
even  traces  of  alanine,  valine,  leucines,  or  phenylalanine,  when 
worked  up  by  the  ester  method.  It  therefore  appeared  that  the 
solid  amino-acids  extracted  as  above  described  could  safely  be 
used  for  the  estimation  of  these  amino-acids  while  the  estimation 
of  glycine  and  hydroxyproline  required  other  methods. 

Fraction  Soluble  in  Alcohols, — As  in  the  experiments  with 
hydrolyzed  casein  already  referred  to,  it  was  found  that  proline 
from  gelatin  was  readily  extracted  by  butyl  alcohol  and  naturally 
remained  in  solution.  But  as  will  be  shown  shortly,  the  material 
thus  extracted  when  working  under  ordinary  pressure  is  not 
well  suited  for  the  separation  and  isolation  of  proline. 

The  butyl  alcoholic  solutions  were  evaporated  under  reduced 
pressure  and  the  dry  residue  was  taken  up  in  ethyl  alcohol  and 
allowed  to  stand  for  several  days  at  0°  in  order  to  separate  traces 
of  other  acids.  This  separation  seldom  amounted  to  over  1  gm. 
per  100  gm.  of  gelatin  and  it  was  filtered  off  and  added  to  the 
main  bulk  of  solid  amino-acids.  The  alcoholic  filtrate  was 
evaporated,  taken  up  in  water,  clarified  with  charcoal,  and 
filtered. 

It  was  found  that  this  crude  **proUne  fraction' '  was  incapable 
of  much  purification  by  using  the  alcohol-soluble  copper  salts  or 
by  using  phosphotungstic  acid.  But  a  considerable  purification 
was  effected  by  precipitating  the  mixture  in  10  per  cent  solution 
with  saturated  mercuric  acetate  solution  (2  mols)  and  bariiun 
hydroxide  (2  mols).  The  latter  reagent  was  most  conveniently 
dissolved  in  five  parts  of  hot  water,  filtered,  cooled  with  shaking, 
and  the  magma  of  fine  crystals  added  with  vigorous  stirring  to  the 
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proline  and  mercuric  acetate  solution.  A  bulky  white  precipitate 
containing  various  amino-acid  impurities  was  produced,  filtered 
off  at  once,  and  washed  with  cold  water.  This  operation  should 
be  done  quickly  so  as  to  avoid  oxidation  of  proline  by  the  alkaline 
mercuric  salts.  An  amount  of  sulfuric  acid  roughly  equivalent 
to  the  barium  hydroxide  was  at  once  added  and  the  turbid  solu- 
tion saturated  with  hydrogen  sulfide  in  a  closed  flask.  After 
filtration  the  liquid  was  exactly  freed  from  bariimi  or  sulfuric 
acid  and  then  concentrated  under  reduced  pressure.  The  whole 
of  the  proline  present  is  found  in  the  aqueous  solution,  for,  as 
Sorensen  has  shown,  it  is  not  precipitated  by  alkaline  mercuric 
acetate  like  most  amino-acids. 

On  drying  the  evaporated  solution,  a  brittle  hygroscopic  partly 
crystalline  mass  is  obtained.  (The  crystals  were  subsequently 
found  to  be  largely  7-hydroxyprolylproline  anhydride.    See  later.) 

Three  separate  specimens  on  analysis  gave  52.5,  52.9,  53.1 
per  cent  carbon,  7.52,  7.67,  7.68  per  cent  hydrogen.  The  total 
nitrogen  varied  from  12.5  to  13.1,  and  the  amino  nitrogen  was 
0.1  to  0.2  per  cent.  Although  the  figures  are  fairly  close  to  those 
required  for  proline  (52.2  per  cent  carbon,  7.83  per  cent  hydrogen, 
12.2  per  cent  nitrogen)  a  large  part  of  the  product  was  made  up 
of  cyclic  anhydrides  containing  at  least  one  proline  nucleus. 
The  specific  rotation  varied  from. —52°  to  —75°.  That  this  low 
result  was  not  due  to  partial  racemization  of  the  proline  was 
proved  by  the  complete  solubility  of  the  copper  salts  in  methyl 
alcohol.  The  presence  of  the  cyclic  anhydrides  was  proved 
by  hydrolysis  under  pressure  with  hydrobromic  acid  at  140°. 
After  successive  treatments  with  silver  oxide  and  hydrogen 
sulfide  in  the  usual  way  the  presence  of  hydroxyproline  and  some 
leucine  was  readily  determined. 

The  above  experiments  illustrate  the  dangers  of  accepting  too 
readily  figures  for  the  apparent  proline  based  on  purely  analytical 
data.  The  amount  of  cyclic  anhydrides  (diketopiperazines) 
appears  to  increase  in  proportion  to  the  length  of  time  the  butyl 
alcohol  containing  much  proline  is  boiled  with  the  other  amino- 
acids  in  the  original  process  of  extraction  under  ordinary  pres- 
sure. The  solubility  of  the  proline  would  undoubtedly  favor  the 
formation  of  anhydrides  containing  at  least  1  molecule  of  this 
substance  and  some  evidence  has  been  obtained  of  the  formation 
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of  projylproline  anhydride,  though  its  complete  separation  has 
not  been  accomplished.  In  this  connection  Maillard's  (1911) 
observations  on  the  effect  of  heating  amino-acids  with  glycerol  at 
high  temperatures  may  be  recalled.  As  will  be  shown  later  the 
artificial  formation  of  cyclic  anhydrides  during  the  extraction 
may  be  obviated  by  changing  the  conditions  of  extraction,  although 
their  presence  due  to  incomplete  hydrolysis  of  the  protein  has 
always  to  be  reckoned  with. 

Amino-Adds  not  Extracted  by  Butyl  Alcohol, — The  aqueous 
solution  of  amino-acids  remaining  aft^r  extraction  with  butyl 
alcohol  was  examined  at  first  in  substantially  the  same  way  as 
that  adopted  with  the  [)roducts  from  casein.  The  bases  were 
removed  with  phosphotungstic  acid  and  then  the  strong  acids, 
aspartie  and  glutamic  acids,  were  largely  removed  by  direct 
crystaUization.  Smaller  additional  amounts  were  removed  by 
methods  to  be  referred  to  later.  Examination  was  then  made  for 
the  presence  of  /3-hydroxyglutamic  acid  which  has  been  identified 
in  casein,  gliadin,  and  glutenin.  It  was  definitely  established 
that  no  dicarboxylic  acid  other  than  aspartie  and  glutamic  acids 
was  present.  It  is  of  interest  to  note  that  the  large  amount  of 
amino-acids  left  in  the  mother  liquor  after  the  separation  of  the 
acids  could  be  entirely  recovered  in  the  form  of  solid  products 
with  no  uncrystallizable  syrups.  The  bulk  of  the  product  was 
composed  of  glycine  which  was  separated  successively  as  picrate 
and  ethyl  ester,  while  in  addition  variable  amounts  of  hydroxy- 
proline  were  encountered.  It  is  probable  that  a  little  serine  may 
have  been  present  but  no  indication  was  obtained  of  any  con- 
siderable amount  of  amino-acids  other  than  those  first  mentioned. 

The  results  of  the  experiments  briefly  referred  to  in  the  pre- 
ceding sections,  which  in  reality  represent  a  summary  of  many 
separate  analyses,  indicated  that  by  the  use  of  butyl  alcohol  as  a 
solvent,  extracting  imder  normal  pressure,  a  considerable  sepa- 
ration of  the  amino-acids  from  gelatin  could  be  effected.  The 
main  diflSculties  encountered  were  as  follows:  (a)  The  proline 
fraction  was  heavily  cq^taminated  with  diketopiperazines,  includ- 
ing among  others  hydroxy prolylproline  anhydride;  (6)  glycine 
was  only  extracted  to  a  very  limited  extent;  (c)  the  extraction  of 
hydroxyproline  was  inconveniently  slow.  On  the  other  hand 
the  amino-acids  separating  out  in  the  butyl  alcohol  extraction 
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flask  contained  practically  the  whole  of  the  alanine  leucine, 
phenylalanine,  and  most  of  the  hydroxyproline  and  furnished 
excellent  material  for  their  estimation.  The  bases  and  aspartic 
and  glutamic  acids  were  left  behind  in  readily  separable  forms 
together  with  most  of  the  glycine  and  some  hydroxyproline. 

Extraction  with  Butyl  and  Propyl  Alcohols  under  Reduced  Pressure. 

It  appeared  desirable  to  devise  if  possible  some  modification  of 
the  preceding  process  that  would  extract  the  proline  in  a  purer 
state  and  secondly  to  improve  the  extraction  of  the  hydroxy- 
proline.  The  contamination  of  the  proline  with  diketopiper- 
azines  obtained  by  extracting  with  butyl  alcohol  under  ordinary 
pressure  is  apparently  due  in  part  to  the  prolonged  boiling  of  the 
proline  solution  with  other  extracted  amino-acids  and  hydroxy- 
proline  in  particular,  for  the  latter  acid  is  fairly  readily  dissolved 
in  the  moist  butyl  alcohol.  It  appeared,  therefore,  that,  if 
extraction  of  the  proline  could  be  eflfected  at  a  lower  tempera- 
ture, this  change  could  be  limited.  Use  was  therefore  made  of 
extraction  under  greatly  diminished  pressure  and  hence  lower 
temperature  in  much  the  same  way  as  has  been  used  so  success- 
fully by  Dudley  in  his  work  on  the  pituitary  principles.  The 
temperature  of  the  bath  surrounding  the  boiling  fla.sk  was  from 
45-50°  and  the  internal  temperature  about  10°  lower.  It  was 
found  that  the  proline  was  readily  extracted  under  these  condi- 
tions and  that  it  could  be  obtained  in  a  satisfactorily  pure  condi- 
tion. The  solid  amino-acids  separating  out  from  the  butyl 
alcohol  extraction  carried  out  under  reduced  pressure  contained 
a  considerable  amount  of  hydroxyproline  but  much  was  left  in 
the  aqueous  solution  long  after  all  the  proline  had  been  removed. 
It  appeared,  therefore,  that  a  more  complete  extraction  of  the 
hydroxyproline  might  be  obtained  through  following  up  the 
butyl  alcohol  treatment  by  extraction  with  an  alcohol  with  a 
greater  capacity  for  mixing  with  the  aqueous  phase.  Normal 
propyl  alcohol  was  found  to  be  satisfactory  for  the  purpose 
although  on  prolonged  extraction  under  reduced  pressure  much 
water  was  removed  from  the  aqueous  layer.  The  separation  of 
the  hydroxyproline  from  the  other  amino-acids  thus  extracted 
was  a  problem  of  great  difficulty  which  was  only  partially  solved. 
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The  details  will  be  given  in  a  later  section.  It  will  be  recalled 
that  normal  propyl  alcohol  and  pure  water  are  miscible  in  any 
proportion  at  room  temperature  but  the  high  concentration  of 
amino-acids  in  the  aqueous  solutions  reduces  the  solubilitj^  of 
propyl  alcohol  to  such  an  extent  that  it  can  be  readily  employed 
as  a  partially  miscible  solvent  under  the  conditions  of  the  present 
experiments. 

In  the  following  sections  dealing  with  the  individual  amino- 
acids  frequent  reference  is  made  to  the  use  of  Fischer's  ester 
method  for  the  isolation  of  amino-acids.  In  every  case  the 
admirable  modification  due  to  Levene  and  Van  Slyke  depending 
on  the  use  of  barium  oxide  and  hydroxide  for  the  liberation  of 
the  esters  was  employed.  In  the  writer's  experience  the  results 
of  this  method  are  superior  to  any  of  the  others  and  the  non- 
est-erified  portion  is  readily  recovered  and  again  treated  with 
alcohol  and  hydrochloric  acid.  This  repetition  of  the  esterifica- 
tion  was  invariably  carried  out  in  the  present  work.  As  wiU  be 
shown  later,  large  amounts  of  hydroxyproline  are  obtained  in 
the  ester  fraction  when  working  with  the  above  method.  Hitherto 
it  was  believed  that  hydroxyproline  was  confined  to  the  residues 
left  after  extraction  of  the  esters  with  ether. 

Individiial  Amino-Acids, 

Glycine, — The  first  estimation  of  glycine  was  made  as  follows. 
Hydrolyzed  gelatin,  equivalent  to  105  gm.,  was  prepared  as  pre- 
viously described,  and  the  solution  was  extracted  for  about  100 
hours  with  butyl  alcohol  at  ordinary  pressure.  From  the  solid 
extracted  amino-acids  which  contained  alanine,  leucine,  and 
phenylalanine  4.0  gm.  of  glycine  were  obtained  as  the  ethyl 
ester  hydrochloride  (7.45  gm.)  by  Fischer's  method.  The  bulk  of 
the  glycine  was  left  unextracted  in  the  aqueous  layer.  This  was 
diluted  (2  liters),  boiled  imder  reduced  pressure  to  remove  dis- 
solved butyl  alcohol,  and  then  the  bases  were  removed  with 
phosphotungstic  acid  in  sulfuric  acid  (5  per  cent)  solution.  After 
the  phosphotungstates  had  been  filtered  off  and  washed,  the 
filtrate  was  made  alkaline  with  barium  hydroxide,  warmed  for 
some  time  to  expel  residual  traces  of  ammonia,  and  again  filtered. 
The  filtrate  contained  the  barium  salts  of  glycine,  some  hydroxy- 
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proline,  and  the  di-basic  acids.  The  latter  were  approximately 
separated  by  precipitating  the  concentrated  solution  (150  cc.) 
with  95  per  cent  alcohol  (1,500  cc).  The  precipitated  barium 
salts  contained  practically  the  whole  of  the  di-basic  acids  together 
with  a  considerable  amount  of  glycine.  The  barium  salts,  after 
being  washed  with  alcohol  were  dissolved  in  water,  the  barium 
was  removed  exactly  with  sulfuric  acid,  and  the  aspartic  and 
glutamic  acids  (7  gm.)  were  slowly  crystallized  out  at  —10** 
from  about  20  cc.  of  solution.  The  alcoholic  mother  Uquor 
from  the  barium  salts  was  concentrated  and  the  barium  removed 
exactly  with  sulfuric  acid.  It  was  then  added  to  the  mother 
liquor  from  the  di-basic  acids.  The  solution  thus  obtained  con- 
tained 8  gm.  of  nitrogen  and  was  very  rich  in  glycine.  It  was" 
hoped  that  a  good  separation  of  the  glycine  as  picrate  could  be 
obtained  by  using  Levene  and  Beatty's  method.  100  gm.  of 
picric  acid  were  used  and  the  concentrated  solution  was  kept  for 
24  hours  at  — 10°.  Only  34.5  gm.  of  glycine  picrate  were  obtained, 
which  on  decomposition  gave  14.0  gm.  of  pure  glycine.  The 
separation,  however,  was  very  incomplete.  On  removing  the 
picric  acid  from  the  filtrate  in  the  usual  way  and  then  converting 
the  residual  amino-acids  into  ethyl  esters  by  repeated  treatment 
with  alcohol  and  hydrochloric  acid  and  liberating  the  pure  esters 
by  Levene  and  Van  Slyke*s  method,  a  good  yield  of  ethyl  ester 
boiling  under  65°  at  10  mm.  pressure  was  secured.  The  higher 
boiling  fraction  (11  gm.)  was  rejected.  On  hydrolysis  10.9  gm. 
of  glycine  were  obtained,  and  on  repeating  the  esterification  the 
non-est^rified  residues  gave  a  further  1.2  gm.  of  glycine.  It 
should  be  noted  that  in  spite  of  the  high  glycine  concentration, 
only  a  small  portion  of  it  crystalUzed  out  as  the  ester  hydro- 
chloride. The  presence  of  hydroxy  proline  appears  to  have  con- 
siderable influence  in  preventing  its  crystallization.  The  total 
glycine  thus  separated  from  115  gm.  of  gelatin  is  30.1  gm.  obtained 
as  follows:  4.0  gm.  from  the  amino-acids  extracted  by  butyl 
alcohol,  14.0  gm.  recovered  as  picrate,  and  12.1  gm.  obtained 
through  the  ester  method.  This  is  equivalent  to  26.2  per  cent  of 
glycine.  The  mixed  glycine  thus  separated  showed  no  measur- 
able optical  activity  in  5  per  cent  solution  and  contained  17.9 
per  cent  of  nitrogen  compound  with  a  calculated  value  of  18.6. 
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A  second  estimation  of  glycine  was  made  in  a  much  simpler 
fashion  after  it  had  been  decided  to  abandon  the  use  of  picric 
acid.  Gelatin  (250  gm.)  was  hydrolyzed  in  the  usual  way  and 
extracted  with  butyl  alcohol  at  ordinary  pressure  for  5  days. 
The  solid  extracted  amino-acids  gave  19.5  gm.  of  ethyl  ester 
hydrochloride  equivalent  to  10.5  gm.  of  glycine.  The  aqueous 
solutions  after  extraction  were  freed  from  bases  with  phospho- 
tungstic  acid  as  previously  described  and  then  esterified  as  before. 
Glycine  ethyl  ester  hydrochloride  equivalent  to  11.2  gm.  of 
glycine  crystaUized  out  and  was  worked  up  separately.  On 
repeated  esterification  according  to  Levene  and  Van  Slyke's 
method  a  total  yield  of  103  gm.  of  ethyl  ester  containing  much 
alcohol  was  obtained,  all  of  which  boiled  below  65®  at  9  nmi. 
pressure.  Higher  boiling  esters  (53  gm.)  were  rejected  as  before. 
The  low  boiling  esters  on  hydrolysis  gave  40.3  gm.  of  glycine, 
making  a  total  3deld  of  62.0  gm.  from  250  gm.  of  gelatin  or  24.8 
per  cent.    The  mean  of  the  two  estimations  is  25.5  per  cent. 

The  foregoing  experiments  were  completed  before  the  extrac- 
tion with  butyl  alcohol  under  redutied  pressure  had  been  employed. 
It  is  probable  that  the  adoption  of  this  procediu^  would  be  advan- 
tageous as  under  these  conditions  almost  no  glycine  is  extracted 
by  the  butyl  alcohol  and  practically  the  wholQ  of  it  is  found  in 
the  aqueous  residue. 

Alanine. — 40  gm.  of  amino-acids  extracted  by  butyl  alcohol 
at  ordinary  pressure  from  125  gm.  of  hydrolyzed  gelatin  served 
as  the  material  for  estimating  alanine.  The  mixed  amino-acids 
were  first  crystallized  from  water  and  9.4  gm.  of  sparingly  soluble 
leucine  and  phenylalanine  were  removed  in  two  crops.  The 
mother  liquor  was  concentrated  and  esterified  in  the  usual  way. 
Glycine  ethyl  ester  hydrochloride  (7.8  gm.)  was  filtered  ofif  and 
the  esters  were  liberated  and  distilled.  The  ester  fraction  boil- 
ing below  90°  at  9  mm.  pressure  was  hydrolyzed  with  water  and 
gave  10.9  gm.  of  amino-acid  which  were  washed  with  alcohol 
and  ether  and  dried.  This  product  was  fairly  pure  alanine  as  is 
seen  from  the  following  figures:  N  =  15.9,  calculated  15.7;  C  = 
40.2,  calculated  40.4;  H  =  7.8,  calculated  7.9  per  cent.  The 
alanine  was  apparently  inactive  in  2  per  cent  aqueous  solution 
but  the   hydrochloride  showed  [a]u  =    —9.9°.     It  is   probable 
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that  the  only  impurity  in  the  alanine  was  a  minute  trace  of 
glycine.    The  yield  is  equivalent  to  8.7  per  cent. 

Isoleudne,  V aline ,  and  Aminobutyric  Add, — Isoleucine  and 
valine  are  readily  extracted  by  butyl  alcohol  imder  the  conditions 
of  the  present  experiments  and,  since  alanine  behaves  in  the 
same  way,  it  is  fair  to  assmne  that  the  intermediate  homologue 
aminobutyric  acid  would  show  the  same  behavior.  The  possible 
presence  of  the  latter  acid  has  been  indicated  by  Foreman,  though 
the  presence  of  isoleucine  and  vaUne  in  gelatin  has  been  neither 
asserted  nor  denied.  Accordingly  large  quantities  of  the  extracted 
amino-acids  from  gelatin  were  subjected  to  systematic  crystal- 
Uzation.  Water  was  used  as  solvent  for  the  various  separations 
followed  by  progressively  less  dilute  mixtures  of  methyl  alcohol 
and  acetone.  Each  fraction  was  examined  for  its  nitrogen  con- 
tent by  Van  Slyke's  gasometric  method  and,  what  was  more 
important,  its  specific  rotation  was  observed  in  neutral,  acid,  and 
alkaline  media.  While  the  complete  separation  of  valine  or 
isoleucine  from  their  homologues  is  a  matter  of  diflSculty,  their 
high  specific  rotations  render  their  detection,  when  deaUng  as  in 
the  present  case  with  exclusively  imracemized  products,  a  rela- 
tively simple  matter.  No  fraction  was  obtained  having  a  higher 
specific  rotation  in  hydrochloric  acid  than  that  of  ordinary  leucine 
nor  was  any  indication  obtained  of  any  acid  intermediate  between 
leucine  and  alanine.  The  reproduction  of  the  detailed  experi- 
mental data  relating  to  the  fractionation  of  the  amino-acids 
appears  unnecessary  since  the  figures  have  no  permanent  value 
and  are  simply  of  negative  significance.  It  is  concluded,  there- 
fore, that  isoleucine  and  valine  are  definitely  absent  from  the 
gelatin  molecule,  while  no  indication  has  been  obtained  of  the 
presence  of  aminobutyric  acid. 

Leudne  and  Phenylalanine. — Most  of  the  leucine  and  phenyl- 
alanine is  easily  recovered  by  simple  recrystallization  from  water 
or  dilute  methyl  alcohol  of  the  amino-acids  extracted  by  butyl 
alcohol.  By  careful  crystallization  a  succession  of  crops  is  easily 
obtained  and,  by  carrying  out  amino  nitrogen  analyses  on  a  few 
milligrams  of  each  crop,  it  is  easy  to  tell  when  the  lower  homo- 
logues begin  to  separate.  In  an  actual  experiment  the  following 
results  were  obtained  by  crystallizing  54  gm.  of  amino-acids 
obtained  from  170  gm.  of  gelatin. 
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Crop  I.  7.02  gm.  N  =  10.30  per  cent;  [ajo  =  -  11.5**  in  water,  +  15.0* 
in  HCl  (20  per  cent). 

Crop  II.  5.70  gm.  N  =  10.8  per  cent;  [ajo  =  -  12.0°  in  water,  +  14.5** 
in  HCl. 

Crop  III.  2.73  gm.  N  =  13.5  per  cent;  [a]©  =  -  6.25**  in  water,  -h  5.0** 
in  HCl. 

Crop  III  on  recrystallization  gave  0.95  gm.  of  the  same  com- 
position as  Crop  II  to  which  it  was  added.  A  small  additional 
amount  of  the  two  amino-acids  was  recovered  from  the  mother 
liquors  by  means  of  the  ester  method.  The  esters  distilling 
below  80°  at  11  mm.  pressure  were  removed  and  the  higher 
boiling  residue  without  distillation  was  saponified  by  boiUng  with 
wat^r  and  fractionally  crystalhzed  from  water.  0.8  gm.  of  mixed 
phenylalanine  and  leucine  in  almost  equal  proportions;  as  judged 
by  elementary  analysis,  was  thus  recovered  from  the  least  soluble 
fraction,  while  the  mother  liquors  contained  much  hydroxyproline 
and  some  serine.  The  total  yield  of,  phenylalanine  and  leucine 
from  170  -gm.  of  gelatin  was  14.47  gm.  corresponding  to  8.5  per 
cent.  Two  other  similar  experiments  gave  results  between  7  and 
8  per  cent. 

The  amount  of  leucine  in  the  mixture  far  exceeds  that  of  phenyl- 
alanine. Judged  by  analysis  the  proportion  is  about  5:1.  On 
simple  recrystallization  from  water,  perfectly  pure  leucine  with 
optical  properties  closely  corresponding  to  those  obtained  by 
Ehrlich  is  readily  obtained  (C  =  54.8;  H  =  9.8;  N  =  10.7  per 
cent). 

The  complete  separation  of  phenylalanine  from  leucine  proved 
to  be  a  difficult  matter.  Crystallization  of  the  hydrochlorides 
and  other  salts  was  ineffectual,  while  experiments  aiming  at  the 
preparation  of  nitro  or  sulfonic  acid  derivatives  were  only  par- 
tially successful.  Finally  recourse  was  had  to  the  application  of 
the  conventional  ester  method  applied  to  the  leucine  and  phenyl- 
alanine fraction  from  which  as  much  leucine  as  possible  had  been 
removed  by  crystallization.  The  ester  soluble  in  water  but 
extracted  by  ether  gave  fairly  pure  phenylalanine  but  the  jdeld 
never  exceeded  1.4  per  cent  of  the  gelatin.  This  figure  agrees 
fairly  closely  with  estimates  of  inactive  phenylalanine  from 
racemized  gelatin  already  recorded  by  the  writer. 
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From  the  above  experiments  it  is  inferred  that  phenylalanine 
and  leucine  together  comprise  8.5  per  cent  of  the  amino-acids 
from  gelatin  and  that  they  are  approximately  in  the  proportion 
of  7.1  per  cent  leucine  and  1.4  per  cent  phenylalanine.  A  similar 
experiment  in  which  the  leucine  and  phenylalanine  were  extracted 
by  butyl  alcohol  under  reduced  pressure  gave  a  yield  of  8.2  per 
cent  for  the  mixed  acids. 

The  absence  of  valine  and  isoleucine  together  with  the  low 
proportion  of  phenylalanine  imdoubtedly  makes  gelatin  a  desir- 
able substance  for  the  easy  preparation  of  pure  active  leucine. 
While  the  yield  is  not  high,  the  absence  of  isomers  greatly  facili- 
tates its  separation,  if  extraction  with  butyl  alcohol  is  employed 
as  a  preliminary  step. 

Tyrosine, — Tyrosine  is  not  ordinarily  regarded  as  a  constit- 
uent of  gelatin  but  traces  of  it  were  encountered  in  all  the  speci- 
mens of  gelatin  examined.  In  two  cases  sufficient  was  present 
to  furnish  a^few  mg.  of  the  pure  substance  but  in  every  case 
sufficient  was  present  to  give  strong  reactions  with  bromine 
water,  Millon's  reagent,  and  diazobenzenesulfonic  acid.  The 
tyrosine  was  readily  extracted  by  butyl  alcohol  and  showed  some 
tendency  to  remain  in  solution,  for  it  was  recovered  from  the 
copper  salts,  sparingly  soluble  in  alcohol,  separated  from  the 
crude  proline  fraction.  Its  amount  was  certainly  not  in  excess 
of  a  fraction  of  0.1  per  cent  and  the  amount  separated  was 
even  less,  so  that  it  is  probably  a  safe  deduction  that  tyrosine 
is  not  an  integral  part  of  the  gelatin  molecule.  The  unsatis- 
factory methods  of  purifying  gelatin  would  undoubtedly  account 
for  the  presence  of  traces  of  it  as  an  impurity. 

Proline. — As  already  stated  in  the  earlier  part  of  the  present 
communication,  it  was  found  that  extraction  of  hydrolyzed  gela- 
tin with  butyl  alcohol  at  normal  pressure,  while  effective  in 
removing  the  whole  of  the  proline,  gave  an  impure  product  owing 
to  the  presence  of  large  quantities  of  diketopiperazines.  A  con- 
siderable proportion  of  these  cyclic  anhydrides  appeared  to  be 
formed  as  a  secondary  reaction  during  the  prolonged  boihng  of 
proline  in  butyl  alcohol  solution  with  other  amino-acids.  For 
this  reason  extraction  under  diminished  pressure  and  hence 
lower  temperature  was  adopted.  The  apparatus  used  is  shown  in 
Fig.  1  and  requires  almost  no  description.     It  is  a  slight  modifi- 
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cation  of  that  used  by  Dudley  and  should  be  of  value  for  other 
purposes.  An  eflScient  water, pump  attached  to  the  apparatus 
maintained  an  average  pressure  of  about  10  mm.  The  water 
bath  for  heating  the  Claisen  flask  used  as  the  extraction  vessel 
was  maintained  at  45-50^. 

The  hydrolyzed  gelatin  was  placed  in  the  side-necked  bottle 
shown  on  the  left.  When  once  the  extraction  is  started  and  the 
heating  adjusted  the  apparatus  can  safely  be  left  for  24  hours  at 
a  time.    The  extraction  of  the  proline  from  100  gm.  of  hydro- 

TUM?  4 


Fig.  1. 


lyzed  gelatin  in  a  volume  of  about  200  cc.  in  the  apparatus  shown, 
working  at  moderate  speed,  required  about  60  hours.  Solid 
amino-acids  soon  appeared  in  the  extraction  flask  and  were  com- 
prised chiefly  of  leucine  with  some  phenylalanine  and  hydroxy- 
proline.  It  is  well  to  change  the  flask  and  start  with  a  fresh 
supply  of  alcohol  at  daily  intervals  so  that  the  separation  of 
solid  amino-acids  does  not  cause  undue  bumping,  and  in  addition 
the  likelihood  of  bringing  about  changes  in  the  proline  is  reduced. 
At  the  end  of  the  extraction,  the  combined  butyl  alcohol  extracts 
are  filtered  for  suspended  amino-acids  and  the  latter  washed  with 
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a  little  more  of  the  alcohol.  The  filtrate  was  then  evaporated  to 
syrup  under  reduced  pressure,  dissolved  in  absolute  alcohol, 
again  evaporated,  and  redissolved  in  50  cc.  of  absolute  alcohol. 
Only  a  minute  trace  of  solid  separated  on  long  standing  at  a  low 
temperature  and  this  was  filtered  off.  Alcohol  was  removed  from 
the  filtrate  by  evaporatioik  and  the  clear  syrup  dissolved  in  water. 
The  specific  rotation  of  the  product  without  further  purification 
observed  in  aqueous  solution  was  —78°,  a  figure  which  closely 
approximates  that  of  pure  proline.  From  the  experiences  gained 
in  previous  experiments,  it  was  decided  that  purification  by  way 
of  the  copper  salt«,  or  l^y  precipitation  with  phosphotungstic 
acid  was  of  neghgible  value.  Recourse  was  therefore  had  to 
treatment  with  mercuric  acetate  and  baryta  as  previously  de- 
scribed. Relatively  little  impurity  was  removed  by  this  treat- 
ment and  the  proline  was  recovered  from  the  filtrate,  in  the 
manner  already  referred  to,  evaporated  to  dryness,  dissolved  in 
alcohol  to  remove  a  trace  of  insoluble  inorganic  impurity,  and 
then  evaporated  and  dried  under  reduced  pressure. 

The  proline  thus  obtained  had  only  a  light  yellowish  tinge,  and 
crystallized  slowly  but  completely  in  the  desiccator.  The  amount 
of  amino  nitrogen  in  the  purified  proUne  fraction  from  100  gm.  of 
gelatin,  as  determined  by  Van  Slyke's  method,  never  exceeded  10 
mg.  and  for  this  amount  a  suitable  correction  was  applied.  The 
specific  rotation  of  the  product  varied  from  79.3-82.5°.  On 
elementary^  analysis  good  results  were  obtained  (52.0  to  52.5 
per  cent  C;  7.8  to  7.95  per  cent  H;  12.2  to  12.4  per  cent  N), 
though  as  previously  mentioned  these  results  are  of  less  value  in 
judging  of  the  purity  of  the  product  than  the  estimations  of  optical 
activity.  The  proline  thus  separated  gave  \aelds  of  the  ethyl 
ester,  copper  salt,  and  proline  hydantoin  comparable  with  those 
obtainable  from  the  pure  substance.  Apparently  the  only 
impurity  that  might  be  present  in  significant  amounts  in  the 
proline  obtained  as  described  above  is  some  diketopiperazine  with 
properties  allied  to  those  of  proline.  To  guard  against  this, 
exceptional  care  was  taken  that  the  hydrolysis  of  the  gelatin  was 
as  complete  as  possible,  and  the  proline  when  isolated  was  heated 
under  pressure  with  hydrobromic  acid  at  130°  in  order  to  hydro- 
lyze  any  diketopiperazines  and  thus  lead  to  the  detection  of 
other  amino-acids.     Such  acids,  especially  hydroxyproline,  were 
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invariably  found  when  the  extraction  of  the  proline  had  been 
carried  out  at  ordinary  pressure,  but  when  the  extraction  was 
performed  as  described  in  the  present'  section  they  were  not 
detected.  The  following  yields  of  proUne,  corrected  for  a  trace 
of  non-amino  nitrogen,  and  calculated  on  a  content  of  12.2  per 
cent  non-amino  nitrogen,  were  obtained.  This  method  of  calcula- 
tion is  preferable  to  direct  weighing  owing  to  the  hygroscopic 
character  of  the  substance. 

150  gm.  gelatin  gave  13.9    gm.  proline  =    9.2  per  cent. 
100    "         "  "      10.5      "         "        =  10.5    "      " 

80    "         "  "       7.02    "         "        =8.6    "      " 

200    "         "  "      19.2      "         "        =9.6    "      " 

125    "         "  "     11.8      "         "        =    9.5    "      " 

The  average  of  the  above  results  gives  9.5  per  cent  of  proline 
as  the  estimated  yield.  It  is  probable  that  the  method  outlined 
above  represents  the  simplest  method  for  the  preparation  of 
optically  active  proUne. 

Hydroxy  proline. — This  substance  it  will  be  recalled  was  isolated 
from  gelatin  by  Fischer  through  working  up  the  residue  left 
after  the  separation  and  extraction  of  the  ordinary  amino-acid 
esters  according  to  his  well  known  method.  A  yield  of  about  3 
per  cent  was  obtained  and  the  same  method  has  been  followed  by 
Leuchs  and  other  workers.  It  was  generally  assumed,  though 
not  specifically  stated,  that  either  hydroxy  proUne  did  not  form 
an  ester  under  the  customary  conditions,  or,  if  it  did  so,  the  ester 
was  not  extracted  by  ether.  On  this  assumption,  it  was  thought 
that  the  separation  of  hydroxyproUne  from  the  other  amino- 
acids  of  gelatin  which  had  previously  been  partially  separated 
by  the  use  of  solvents  would  be  a  relatively  easy  matter.  This 
was  soon  found  not  to  be  the  case  for  the  simple  reason  that  the 
larger  part  of  the  hydroxyproline  was  found  to  yield  an  ester 
readily  which  was  easily  extracted  by  ether  under  the  conditions 
employed. 

As  has  already  been  stated  a  considerable  part  of  the  hydroxy- 
proline  in  hydrolyzed  gelatin  may  be  extracted  by  butyl  alcohol 
and  is  found  among  the  amino-acids  which  separate  from  solution 
in  the  extraction  flask.  This  material,  therefore,  seemed  promis- 
ing for  preliminary  attempts  to  separate  the  hydroxyproUne 


H.  D.  Dakin  515 

20  gm.  of  this  material  were  esterified  in  the  usual  way  and  the 
ester  was  liberated  by  Levene  and  Van  Slyke's  method  and 
extracted  by  ether.  The  fraction  of  ester  boiling  below  100°  was 
rejected  and  the  residual  ester  without  distillation  was  at  once 
hydrolyzed  with  boiling  water.  On  crystallizing  from  water,  a 
small  crop  of  leucine  and  phenylalanine  separated  first,  followed 
by  a  very  soluble  substance  which  was  expected  to  be  mainly 
serine.  But  it  had  the  following  composition:  47.4  per  cent  C* 
7.4  per  cent  H;  10.9  per  cent  N.  The  amino  nitrogen  was  only 
3.4  per  cent  and  the  specific  rotation  in  water  —53.5°.  These 
results  clearly  indicated  that  the  product  contained  a  great  deal 
of  hydroxyproline  and  on  crystallizing  from  90  per  cent  methyl 
alcohol  almost  pure  hydroxyproline  was  readily  obtained  (melt- 
ing point  263°;  45.5  per  cent  C;  6.85  per  cent  H;  [air,  -72.0°; 
amino  nitrogen  0.3  per  cent).  It  was  clear,  therefore,  that 
hydroxyproline  is  esterified  under  the  customary  conditions 
with  alcohol  and  hydrochloric  acid  and  that  a  large  part  of  it  is 
extracted  by  ether,  using  Levene  and  Van  Slyke's  method  for  the 
liberation  of  the  esters. 

The  residues  remaining  after  the  liberation  of  the  esters  were 
freed  from  barium  salts  as  usual  and,  after  evaporation,  hydro- 
chloric acid  was  removed  by  successive  treatments  with  lead 
hydroxide  and  silver  oxide.  The  filtrate  was  freed  from  metals 
with  hydrogen  sulfide  and  a  good  deal  of  optically  inactive  mate- 
rial was  removed  by  precipitation  with  mercuric  acetate  and 
baryta  as  applied  in  the  purification  of  proUne.  The  filtrate 
freed  from  barium  and  mercury  salts  gave  on  concentration  crude 
hydroxyproUne  (melting  point  265°;  46.0  per  cent  C;  6.8  per  cent 
H;  10.8  per  cent  N;  0.7  per  cent  amino  N;  [alo  in  water  —64.5°). 
On  recrystallization  from  90  per  cent  methyl  alcohol  pure 
hydroxyproline  was  readily  obtained,  and  it  was  identical  in 
every  respect  with  the  product  obtained  from  the  ester  frac- 
tion. The  amount  of  hydroxyproline  obtained  in  a  pure  state 
from  the  ester  and  from  the  residues  was  only  about  0.3  gm.  in 
each  case  but  the  loss  on  purification  is  very  great.  But  at 
least  it  was  settled  that  about  as  much  of  the  hydroxyproline 
passed  into  the  ester  fraction  as  remained  behind  and  on  repeated 
esterification  the  proportion  was  materially  greater. 
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In  addition  to  the  hydroxyproline  fractions  just  described 
which  were  obtained  from  the  the  amino-acids  mixture  extracted 
by  butyl  alcohol,  variable  amounts  were  isolated  by  substan- 
tially similar  methods  from  the  aqueous  residue  remaining  from 
the  butyl  alcohol  extraction.  It  was  clear,  therefore,  that 
improved  metliods  were  necessary  not  only  for  the  extraction 
of  the  hydroxyproUne  but  for  its  isolation  and  purification  and 
that  but  little  assistance  was  likely  to  be  derived  from  the  ester 
method  as  previously  used  for  the  preparation  of  hydroxyproline. 

As  has  been  already  stated,  the  extraction  of  the  hydroxypro- 
line from  the  hydrolyzed  gelatin  could  be  rendered  much  more 
complete  by  following  up  the  first  extraction  with  butyl  alcohol 
under  reduced  pressure  by  extraction  with  propyl  alcohol  under 
similar  conditions.  This  preUminary  separation  from  the  bases, 
di-basic  acids,  and  most  of  the  glycine  was  of  great  value  but  the 
difficulty  now  encountered  was  that  of  isolating  and  purifying 
the  hydroxyproline  from  accompanying  amino-acids.  A  large 
number  of  experiments  have  been  made  with  this  object  in  view, 
some  of  which  were  complete  failures  and  others  were  partly 
successful.     A  few  of  these  are  summarized. 

(o)  Hydroxyproline,  like  proline,  evolves  little  or  no  nitrogen  when 
treated  with  nitrous  acid  as  in  Van  Slyke's  method.  Since  the  greatest 
difficulty  in  purifying  hydroxyproline  consists  in  the  removal  of  amino-acids 
containing  the  (NH^)  group,  which  reacts  with  nitrous  acid,  it  was  thought 
that  possible  advantage  might  be  taken  of  this  reaction.  Experiments  on 
mixtures  containing  hydroxyproline  were  made  with  sodium  nitrite  or 
aniyl  nitrite  acting  in  acetic  or  sulfuric  acid  solution  for  various  lengths 
of  time  up  to  several  days  and  at  temperatures  varying  from  15-100". 
The  unchanged  amino-acids  were  recovered,  after  removal  of  any  sulfuric 
acid  by  baryta,  by  precipitation  with  mercuric  acetate  and  sodium  car- 
bonate according  to  the  method  described  by  Neuberg  and  Kerb.  This 
method  of  precipitation  is  effective  fcr  hydroxyproline  as  was  found  by 
separate  experiments.  It  was  found  that  the  action  of  nitrous  acid  was 
useless  for  the  purpose  in  view.  I'nless  a  very  large  excess  of  nitrous  acid 
was  used  a  great  deal  of  unchanged  amino-acid  persisted  and  when  a  large 
excess  of  nitrous  acid  was  employed  decomposition  of  the  hydroxyproline 
took  place  presiunably  through  the  formation  of  a  nitroso  compound. 

ib)  Hydro xypri>line  is  well  known  to  be  extremely  soluble  in  water  and 
sparingly  soluble  in  alcohol.  It  was  found  that  when  present  with  the 
amino-acids  extracted  by  solvents  from  hydrv^lyzed  gelatin  it  could  be  sepa- 
rated conveniently  from  much  of  the  latter  in  the  following  simple  man- 
ner.   The  mixed  acids  are  heated  with  an  equal  weight  of  water  on  the 
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water  bath  and  then,  irrespective  of  whether  complete  solution  has  taken 
place,  nine  parts  of  methyl  alcohol  are  added  with  shaking,  and  the  mix- 
ture is  allowed  to  stand  for  a  day  or  so.  The  precipitated  amino-acids  are 
filtered  off,  washed  with  methyl  alcohol,  and  analyzed  for  both  total  and 
amino  nitrogen,  in  order  to  be  sure  that  no  hydroxyproline  remains.  With 
all  the  products  thus  far  examined,  the  whole  of  the  non-amino  nitrogen 
of  the  hydroxyproline  has  been  found  in  the  filtrate  together  with  vari- 
able but  considerable  amounts  of  soluble  amino-acids,  especially  glycine, 
alanine,  and  serine.  Some  further  separations  of  amino-acids  from  this 
hydroxyproline  fraction  can  be  secured  by  the  following  method. 

(c)  Reference  has  already  been  made  to  the  use  of  mercuric  acetate 
and  barium  hydroxide  for  the  precipitation  of  impurities  in  the  proline 
fraction.  Proline  is  not  precipitated  under  these  conditions  and  similarly 
it  was  found  that  but  little  hydroxyproline  was  carried  down  with  the 
precipitate.  Most  amino-acids  derived  from  proteins  are  precipitated  by 
this  reagent  but  the  lower  members  of  the  series  are  less  completely  re- 
moved than  the  higher  ones.  While  the  separation  is  incomplete,  the  fact 
that  all  the  reagents  employed  are  readily  removed  without  introducing 
other  substances  makes  the  process  of  some  value.  The  following  experi- 
ments illustrate  its  use: 

(1)  1  gm.  of  hydroxyproline  containing  about  7  per  cent  of  impurity  as 
judged  by  its  specific  rotation  and  amino  nitrogen  content  was  treated  with 
mercuric  acetate  (20  cc.  of  saturated  solution)  and  barium  hydroxide  (80 
cc.  of  saturated  sjluti(>r>).  From  the  filtrate  on  removal  of  mercury  and 
barium  salts  0.87  gm.  of  h3'droxyproline  [a]"  =  —  72.5°  was  recovered. 

(2)  50  cc.  of  a  solution  containing  0.631  gm.  of  amino  nitrogen  mostly  as 
glycine,  alanine,  and  serine  and  0.280  gm.  of  non-amino  nitrogen  as  hydroxy- 
proline  were  treated  with  mercuric  acetate  (GO  cc.)  and  crystallized  baryta 
(60  gm.).  The  filtrate  after  removal  of  mercury  and  barium  contained 
0.276  gm.  of  amino  nitrogen  and  0.251  gm.  of  non-amino  nitrogen,  showing 
that  rather  more  than  half  of  the  amino-acids  had  been  removed  with  an 
apparent  loss  of  about  10  per  cent  in  hydroxyproline. 

(d)  It  has  been  shown  by  Levene  and  Van  Slyke  that  proline  and  hy- 
droxyproline unlike  most  other  amino-acids  do  not  form  readily  crystal- 
lizable  picrolonates.  It  was  thought  that  possible  use  might  be  made  of  this 
fact  for  the  further  separation  of  hydroxyproline  from  amino-acids,  but 
when  other  than  very  simple  mixtures  of  pure  substances  were  used  the 
amount  of  purification  effected  was  slight  and  on  the  whole  the  use  of 
picrolonic  acid  was  less  effective  than  the  preceding  method  (c). 

(c)  The  conversion  of  proline  into  a  uramino-acid  by  the  action  of  po- 
tassium cyanate,  and  its  subsequent  transformation  into  proline  hydan- 
toin  has  already  been  described  as  a  useful  method  for  the  characteriza- 
tion of  proline.  Since  so  few  attractive  derivatives  of  hydroxyproline 
are  known  it  appeared  worth  while  to  make  similar  experiments  with  this 
substance. 

Hydroxyproline  (3  gm.)  in  15  cc.  of  water  was  allowed  to  stand  in  a 
warm  place  for  a  few  hours  with  potassium  cyanate  (3  gm.).    An  additional 
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0.5  gm.  of  the  cyanate  was  added  and  the  mixture  was  heated  on  the 
water  bath  for  1  hour.  It  was  then  made  just  acid  to  Congo  red  with 
sulfuric  acid,  diluted  to  50  cc,  and  extracted  for  8  hours  with  ether  in  a 
continuous  extractor.  As  with  proline  but  unlike  most  amino-acids 
other  than  glycine  and  serine  only  a  trace  of  substance  (0.09  gm.)  was 

extracted. 

The  uramino-acid  remaining  in  the  aqueous  solution  was  converted 
into  the  hydantoin  by  evaporation  on  the  water  bath  with  30  cc.  of  hydro- 
chloric acid.  The  solution  was  then  reextracted  with  ordinary  ether. 
The  hydroxyproline  hydantoin  is  taken  out  rather  slowly.  After  24  hours, 
3.0  gm.  were  obtained  while  an  additional  0.55  gm.  was  obtained  by  con- 
tinuing for  12  hours  more.  The  substance  is  very  soluble  in  water,  alco- 
hol, and  ether  and  fairly  soluble  in  chloroform.  It  is  best  crystallized 
either  by  dissolving  in  a  drop  or  two  of  alcohol  and  then  adding  benzene 
in  which  it  is  almost  insoluble  or  by  slow  evaporation  of  its  aqueous  solu- 
tion. The  substance  crystallizes  in  needles  and  melts  rather  indefinitely 
at  162-165^ 

Analysis.    0.1520  gm.  gave  0.2564  CO2  and  0.0725  HgO. 

0.1425    "       "     0.0255  N(Kieldahl).  # 

C 

percent 

Calculated  for  CeHgNaOi 46.2 

Found 46.0 

7-Hydroxyproline  hydantoin  is  strongly  levorotatory  in  aqueous  solu- 
tion though  much  less  so  than  prolylhydantoin. 

C  =  1.50;  I  -  2.0;  a  =  -  2.92** 
[«]»  =  -07.2« 

The  yield  of  hydantoin  from  pure  hydroxyproline  was  so  good  and  its 
ready  solubility  in  ether  and  water  distinguished  it  from  so  many  related 
substances  that  it  appeared  likely  that  use  could  be  made  of  it  for  the 
characterization  of  hydroxyproline.  Accordingly  experiments  were  made 
to  determine  whether  the  hydantoin  could  be  reconverted  into  hydroxy- 
proline.  Prolonged  boiling  (36  hours)  with  aqueous  barium  hydroxide 
(10  per  cent)  was  found  to  be  the  best  method.  The  evolution  of  ammonia 
and  hence  the  progress  of  hydrolysis  is  conveniently  followed  by  means  of  a 
bulb  trap  placed  at  the  top  of  the  reflux  condenser  containing  a  little  ali- 
zarin and  known  amounts  of  standard  acid.  After  no  more  ammonia 
is  evolved,  the  barium  salts  are  removed  exactly  with  sulfuric  acid  and  the 
acid  is  recovered  by  concentration  and  precipitation  with  alcohol.  As  is 
well  known,  optically  active  hydantoins  readily  undergo  racemization  on 
treatment  with  alkali,  probably  owing  to  tautomeric  changes  involving  a 
loss  of  asymmetry  of  the  a  carbon  atom.  Hydroxyproline  and  its  hydan- 
toin, however,  contain  2  asynunetric  carbon  atoms,  hence  it  was  not  surpris- 
ing that  the  hydroxyproline  recovered  from  the  hydantoin  was  the 
partially  raceipic  7-hydroxyproline  of  Leuchs  and  Bormann  (1919)  and 
possessed  a  specific  rotation  of  —  9.2®. 


H 
per  cent 

5.13    . 

N 

per  cent 

17.9 

5.30 

17.8 
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HOHC CH,  HOHC CH, 


HjC        CH— COv  tZ  H2C       CHCOOH 

\y  >NH  \/ 

N CO^  NH 

7-Hydroxyproline  hydantoin.  7-Hydroxyproline. 

The  yield  of  hydroxyproline  recovered  from  the  hydantoin  varied  from 
64  to  73  per  cent  of  the  theoretical  amount  so  that  considerable  losses  are 
involved  in  the  reconversion. 

In  the  light  of  the  foregoing  experiments  with  hydroxyproline,  the 
following  attempt  to  estimate  the  hydroxyproline  in  hydrolyzed  gelatin 
was  carried  out. 

Hydrolyzed  gelatin  (100  gin.)  was  extracted  for  72  hours  under 
reduced  pressure  with  butyl  alcohol  and  the  alcohol-soluble 
proline  removed  as  previously  described.  The  amino-acids  (9.5 
gm.),  chiefly  leucine,  accompanying  the  proline  contained  a  little 
hydroxyproline  and  to  recover  this  the  product  was  treated  with 
90  per  cent  methyl  alcohol  as  described  under  the  preceding 
section,  (h).  The  filtrate  containing  the  hydroxyproUne  was 
removed  and  later  added  to  the  extract  obtained  by  continuing 
the  original  extraction  for  a  further  4  days  with  propyl  alcohol. 
The  volume  of  the  aqueous  hydrolyzed  gelatin  solution  fell  during 
the  last  extraction  from  215  to  120  cc.  but  practically  all  the  bases 
and  dicarboxyUc  acids  remained  unextracted.  The  aqueous 
solution  contained  12.01  gm.  of  total  nitrogen,  of  which  7.16  gm. 
were  not  precipitable  by  phosphotungstic  acid  and  of  this  only 
0.71  gm.  was  non-amino  nitrogen.  The  last  12  hours  extraction 
with  propyl  alcohol  extracted  only  a  fraction  of  a  gram  of  solid 
substance. 

The  propyl  alcohol  extracts  were  combined  with  the  methyl 
alcohol  filtrate  above  referred  to  and  the  alcohols  were  then 
removed  by  evaporation  under  reduced  pressure.  The  residue 
was  dissolved  in  water  and  made  up  to  250  cc.  This  solution, 
it  is  believed,  contains  practically  the  whole  of  the  hydroxy- 
proline  together  with  a  large  amount  of  lower  amino-acids  espe- 
cially alanine,  serine,  and  some  glycine.  The  proportion  of 
amino  to  non-amino  nitrogen  was  about  2:1.  A  certain  amount 
of  purification  was  effected  as  follows:  The  solution  was  acidified 
with  sulfuric  acid  and  precipitated  with  phosphotungstic  acid. 
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A  minute  amount  of  oily  precipitate  was  removed  and  assurance 
was  thus  obtained  of  the  complete  removal  of  the  bases.  The 
filtrate  was  then  freed  from  sulfuric  acid  and  precipitated  as 
described  imder  (c)  with  mercuric  acetate  (300  cc.  of  saturated 
solution)  and  bariimi  hydroxide  (30  gm.).  The  filtrate,  after 
quantitative  removal  of  barium  and  mercury  salts,  was  concen- 
trated imder  reduced  pressure.  The  solution  (100  cc.)  contained 
1.51  gm.  of  non-amino  nitrogen  and  1.38  gm.  of  amino  nitrogen. 
It  was  strongly  levorotatory  showing  a  =  —14.96°  in  a  1  dm. 
tube.  Assuming  that  the  whole  of  the  non-amino  nitrogen  was 
in  the  form  of  hydroxyproline,  the  concentration  of  the  latter 
would  be  14.1  gm.  corresponding  to  a  rotation  of  about  —10.6®. 
It  would  therefore  appear  that  other  levorotatory  amino-acids 
were  present  and  of  these  the  presence  of  serine  is  almost  certain. 

On  carefully  crystallizing  the  above  solution  by  slow  evapora- 
tion in  the  desiccator  large  amoimts  (7.2  gm.)  of  hydroxyproline 
were  obtained,  but  after  the  removal  of  one  or  two  crops  had 
been  effected  the  products  became  progressively  less  pure  and  no 
further  separation  was  possible. 

After  as  much  as  possible  of  the  hydroxyproline  had  been 
separated  by  direct  crystallization;  the  mother  liquors  were 
treated  with  potassium  cyanate  as  precisely  described  in  Section 
(e).  In  this  way  a  considerable  yield  of  hydroxyproline  hydan- 
toin,  soluble  in  ether,  was  obtained  showing  a  specific  rotation 
of  —89°.  On  hydrolysis  of  the  hydantoin  with  baryta,  an  addi- 
tional 5.2  gm.  of  partially  racemic  hydroxyproline  were  obtained, 
making  a  total  of  12.4  gm.  (C  =  45.5  per  cent;  H  =  6.98  per 
cent).  The  amoimt  of  amino  nitrogen  in  the  product  was  0.8 
per  cent.  If  one  takes  into  consideration  the  known  experi- 
mental losses  of  the  preceding  manipulations,  one  may  conclude 
that  the  deductions  drawn  from  analytical  and  optical  rotations 
recorded  in  the  preceding  paragraph,  indicating  the  presence  of 
14.1  per  cent  of  hydroxyproline,  are  approximately  correct. 

Aspariic  and  Glntamic  Acids, 

The  separation  of  the  greater  part  of  these  acids  was  very 
simply  accomplished  as  described  in  the  section  dealing  with 
glycine.    Hydrolyzed    gelatin    was    thoroughly   extracted    with 
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butyl  alcohol,  the  aspartic  and  glutamic  acids  together  with  the 
bases  and  much  glycine  remaining  in  the  aqueous  solution.  The 
bases  were  removed  from  the  solution  by  precipitation  with  phos- 
photimgstic  acid  in  the  usual  fashion  and  the  filtrate  after 
removal  of  sulfuric  and  phosphotimgstic  acids  was  made  strongly 
alkaline  with  barium  hydroxide.  If  100  gm.  of  gelatin  were  used, 
an  excess  of  about  30  gm.  of  crystallized  barium  hydroxide  was 
used.  The  concentrated  solution  of  barimn  salts  (150  cc.)  was 
added  by  degrees  with  shaking  to  95  per  cent  alcohol  (1,500  cc.). 
The  precipitated  barimn  salts  containing  the  aspartic,  glu- 
tamic, and  other  di-basic  acids  if  present,  together  with  some 
glycine,  were  washed  with  alcohol,  dissolved  in  water,  and  the 
barium  was  exactly  removed  with  sulfuric  acid.  On  concentrat- 
ing the  solution  and  allowing  it  to  stand  for  several  days  at  a 
very  low  temperature  (—10°),  the  bulk  of  the  acids  readily  crys- 
tallized out.  The  yield  of  mixed  aspartic  and  glutamic  acids 
thus  obtained  varied  from  5.6  to  7.1  per  cent.  An  additional 
amount  of  the  mixed  acids  was  obtained  by  converting  the  amino- 
acids  in  the  filtrate  into  their  esters.  The  fraction  boiling  below 
100°  at  5  mim.  pressure  was  rejected  and  the  remaining  esters 
without  distillation  were  hydrolyzed  by  boiling  with  barium 
hydroxide  solution.  The  barium  was  then  removed  with  sul- 
furic acid.  The  acid  solution  was  then  neutralized  with  sodium 
hydroxide  and  treated  alternately  with  silver  nitrate  and  sodiimi 
hydroxide  as  long  as  a  white  precipitate  was  obtained.  The 
method  used  was  that  employed  by  the  writer  for  the  precipita- 
tion of  silver  j8-hydroxyglutamate.  The  precipitated  silver 
salts  were  filtered  off,  washed  with  water,  and  decomposed  with 
hydrogen  sulfide.  The  filtrate  on  concentration  gave  a  further 
yield  of  crystalline  aspartic  and  glutamic  acids  amounting  to 
2.1  to  2.5  gm.  The  total  yield  of  di-basic  acids  in  the  best  experi- 
ment amounted  to  9.2  per  cent. 

The  mixed  acids  gave  results  on  analysis  indicating  a  mixture 
of  about  five  parts  of  glutamic  acid  to  three  of  aspartic  acid. 
This  result  was  confirmed  by  separation  of  the  glutamic  acid  as 
hydrochloride  in  the  usual  fashion  while  in  another  portion  of  the 
mixed  acids  barium  aspartate  was  crystallized  out  from  satiu-ated 
baryta  solution.  (Independent  solubility  determinations  showed 
that  under  these  conditions  in  an  ice  box  at  about  3°  the  solubil- 
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ity  of  active  barium  aspartate  is  equivalent  to  0.5  gm.  of  aspartic 
acid  per  100  cc.  of  saturated  baryta  solution.  The  solubility  of 
the  optically  inactive  salt  is  materially  less.)  Finally  molecular 
weight  determinations  of  the  mixed  acids  by  titration,  using 
litmus  as  indicator,  gave  results  closely  in  accord  with  the  above. 
As  a  mean  of  the  most  satisfactory  experiments,  it  is  concluded 
that  gelatin  contains  close  to  3.4  per  cent  of  aspartic  acid  and 
5.8  per  cent  of  glutamic  acid. 

It  should  be  noted  here  that  a  careful  search  was  made  for 
j8-hydroxyglutamic  acid  which  had  already  been  foimd  in  casein, 
gliadin,  and  glutenin.  It  would  have  been  found  in  the  alcohol- 
insoluble  barium  salts  if  present  but  none  could  be  detected. 
Moreover  the  total  acidity,  to  htmus,  of  the  solution  of  the  mixed 
acids  obtained  from  the  barium  salts  was  so  nearly  equivalent  to 
the  isolated  quantity  of  aspartic  and  glutamic  acids  that  it  is 
probably  safe  to  conclude  that  no  significant  amount  of  di-basic 
acid  other  than  glutamic  and  aspartic  acids  is  present  in  gelatin. 

Serine. — The  difiiculties  of  separating  serine  with  existing 
methods  from  the  products  of  hydrolysis  of  gelatin  are  very 
great.  The  serine  mainly  accompanies  the  hydroxyproline  and 
on  esterifying  is  found  in  the  high  boiling  fraction  of  esters  along 
with  the  latter  substance.  The  separation  of  the  two  acids  has 
proved  so  far  insurmountable,  though,  owing  to  its  large  quantity, 
much  hydroxyproline  could  be  obtained  from  the  mixture  by 
direct  crystallization.  From  the  mother  liquors  it  is  possible  to 
separate  as  picrolonate  large  amounts  of  an  acid  approaching 
serine  in  composition  and  general  properties,  but  its  optical 
rotation  never  coincided  exactly  with  those  of  pure  levo  serine 
as  prepared  by  Fischer  and  Jacobs.  In  aqueous  solution  figures 
between  —10**  and  —12**  are  obtained  but  imlike  pure  t-serine 
it  was  usually  feebly  levorotatory  in  hydrochloric  acid  solution. 
The  difficulties  of  crystallizing  active  serine  are  well  known  and 
so  far  none  of  the  various  derivatives  tried  has  proved  satisfac- 
tory. The  writer's  impression  is  that  gelatin  contains  relatively 
large  amounts  of  serine  and  possibly  homologues  of  it  in  addition, 
but  until  improvements  in  the  methods  of  separation  are  avail- 
able a  final  decision  cannot  be  reached.  The  figure  0.4  per  cent 
for  serine  given  by  Fischer,  which  is  manifestly  far  too  low,  is 
therefore  retained  for  the  present. 
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Hisiidine,  Arginine.  and  Lysine. — New  determinations  of  these 
bases  appeared  unnecessary,  but  frequent  confirmation  has 
been  obtained  of  the  existing  figures  furnished  by  Van  Slyke's 
analyses.  The  earlier  figures  of  Kossel  and  Kutscher  and  of 
Hart  while  agreeing  well  for  arginine  appear  somewhat  low  for 
lysine. 

DISCUSSION  OF  RESULTS. 

The  results  of  the  preceding  analysis  of  the  products  of  the 
hydrolysis  of  gelatin  are  collected  in  Table  I  together  with  the 
main  results  of  other  workers.  As  regards  the  new  results 
attention  may  be  drawn  to  the  high  proportion  of  glycine  and  the 
very  much  larger  amount  of  alanine  than  has  been  recorded 
hitherto.  The  figure  given  for  hydroxyproline  (14.1  per  cent) 
may  prove  too  high  as  it  is  based  partly  on  analytical  and  polari- 
metric  data.  As  previously  stated  complete  purification  of  the 
hydroxyproline  was  not  accomplished  but  at  least  7  per  cent  was 
obtained  optically  and  analytically  pure  and  the  presence  of 
much  more  in  the  mother  liquors  was  certain.  A  large  part  of 
the  latter  was  isolated  in  the  partially  racemic  fonn  by  conversion 
into  the  hydantoin  and  subsequent  hydrolysis.  The  amounts 
of  proline  and  leucine  accord  well  with  those  found  by  Skraup 
and  von  Biehler.  The  new  results  for  aspartic  are  considerably 
higher  than  those  previously  found.  The  figure  given  by  Skraup 
and  von  Biehler  for  glutamic  acid  (16.8  per  cent)  is  extraordi- 
narily  high  and  certainly  no  such  amount  was  present  in  the 
product  examined  by  the  writer.  It  would  appear  possible  that 
glycine  hydrochloride,  which  crystallizes  readily  from  concen- 
trated hydroclJoric  acid,  may  have  contaminated  the  glutamic 
acid  hydrochloride,  and  moreover  the  glycine  found  by  Skraup 
and  von  Biehler  is  undoubtedly  too  low.  The  yield  of  serine 
recorded  (0.4  per  cent)  is  taken  from  Fischer^s  analysis  and  also 
is  undoubtedly  much  too  low.  The  complete  separation  of 
serine  and  hydroxyproline  was  not  accomplished.  In  addition  to 
the  substances  recorded  in  the  table,  a  significant  amount  of 
linidentified  sulfur  compounds  has  still  to  be  accounted  for. 
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TABLE  I. 


Amino-acid. 


Dakin. 


Glycine 

Alanine 

Aminobutyric  acid 

Valine 

Isoleucine 

Leucine 

Serine 

Phenylalanine 

Tyrosine 

Proline 

Hydroxyproline 

Aspartic  acid 

Glutamic    "   

Hydroxyglutamic  acid 

Histidine 

Arginine 

Lysine 

Ammonia 

Total 


per  cent 

25.5 
8.7 
None 
found. 
None. 

7.1 
0.4 
1.4 
0.01 
9.5 
14.1 
3.4 
5.8 
None. 
0.9 
8.2 
5.9 
0.4 


Fischer, 

Levene, 

and  Adera; 

Hart; 
Korael  and 
Kutscher. 


91.31 


per  cent 

16.5 
0.8 


1.0 


2.1 
0.4 
0.4 

5.2 
3.0 
0.6 
0.9 

0.4 
7.6 
2.8 
0.4 


Levene  and 
Beatty. 


42.1 


per  cent 

19.25 
3.0 


6.75 


6.25 
6.4 

1.75 


Skraup  and 

von 

Biehler. 


per  ^nt 

12  A 
0.6 


9.2 
1.0 

10.4 
3.0 
1.2 

16.8 

0.4 
9.3 
6.0 
0.4 


70.7 


Hydroxy prolylproline  Anhydride, 


CH, 


CH, 


HOHC 


CH, 


This  substance  was  repeatedly  encountered  in  the  crude  pro- 
line fraction  obtained  by  extracting  hydrolyzed  gelatin  with 
butyl  alcohol  under  ordinary  pressure.  The  substance  has  a 
certain  special  interest  as  representing  the  first  peptide  to  be 
obtained  containing  the  hydroxyproline  nucleus  and  also  it  is 
apparently  unique,  in  containing  three  rings.    Experiments  made 
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with  gelatin  that  had  been  partially  hydrolyzed  at  room  tempera- 
ture with  70  per  cent  sulfuric  acid  for  about  a  week  gave  imsatis- 
factory  results  and  it  appears  that  the  most  suitable  material 
for  its  preparation  is  obtained  by  boiling  gelatin  with  dilute  sul- 
furic acid  as  described  on  page  500,  omitting  the  heating  in  an 
autoclave.  Sulfuric  acid  is  then  removed  as  usual  and  the  con- 
centrated neutral  solution  maintained  at  about  60°  is  then  ex- 
tracted for  2  or  3  days  with  butyl  alcohol  under  ordinary  pressure. 
The  extract  filtered  from  insoluble  amino-acids  is  evaporated 
under  diminished  pressure  and  dissolved  in  ten  parts  of  absolute 
alcohol.  The  filtered  alcoholic  solution  is  then  evaporated  and 
the  residue  dissolved  in  a  little  water  and  clarified  with  charcoal 
is  allowed  to  crystallize  slowly  in  a  desiccator.  Under  favorable 
conditions  a  considerable  separation  takes  place  of  irregular 
prismatic  crystals  from  the  syrupy  mother  liquor.  These  crys- 
tals are  drained  as  much  as  possible  by  spreading  on  porous  tiles 
and  then  purified  as  follows:  5  gm.  of  the  crystalline  magma  are 
dissolved  in  20  cc.  of  absolute  alcohol  and  then  100  cc.  of  dry 
ether  are  gradually  added.  A  yellow  sticky  mass  containing 
much  proline  and  a  few  crystals  separates  promptly  and  is  re- 
jected. The  mother  liquor  on  evaporation  at  room  temperature 
gives  beautiful  large  prisms  of  the  new  substance.  The  crystals 
axe  dried  on  a  plate  and  for  analysis  are  recrystallized  from  a 
little  water  in  which  it  is  extremely  soluble.  The  yield  of  peptide 
anhydride  varies  from  a  trace  to  as  much  as  2.75  per  cent  of  the 
gelatin  taken. 

Analysis.    0.1500  gm.  gave  0.3141  gm.  COi  and  0.0905  gm.  H]0. 
0.2059    "       "     0.0272  N  (Kjeldahl). 

C 

per  cent 

Calculated  for  C,oH,4N,Oa 57. 1 

Found 57.1 

The  substance  is  very  readily  soluble  in  water  and  alcohol  but 
sparingly  soluble  in  pure  ether  and  insoluble  in  most  other  organic 
solvents.  Its  aqueous  solution  reacts  very  feebly  acid  to  litmus 
and  on  boiling  with  precipitated  copper  oxide  no  blue  salt  is 
formed.  It  does  not  react  with  bromine  water  or  formaldehyde, 
and  gives  no  nitrogen  with  nitrous  acid.  Millon's  reagent  gives 
neither  a  precipitate  nor  color.    Silver  nitrate  alone  or  with 


H 
percent 

6.67 

N 
percent 

13.3 

6.69 

13.2 
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ammonia  gives  no  precipitate  but  on  boiling  slow  reduction 
occurs.  Concentrated  solutions  (1  per  cent  and  over)  give  an 
•orange  color  on  treatment  with  diazobenzenesulfonic  acid  and 
sodium  carbonate.  Phosphotimgstic  acid  partially  precipitates 
it  from  strong  solutions,  the  crystalline  phosphotungstate  readily 
dissolving  in  excess  of  the  reagent.  Picric  acid  produces  no 
precipitate. 

The  optical  rotation  is  notably  high  and  was  observed  in  aqueous 
solutions. 

C  =  1.0  Z  =  2.0  a  =  -  2.84* 

[a]l  =  -  142.0* 

'  The  melting  point  of  the  product  appears  to  be  variable. 
When  crystallized  from  ether  it  melts  sharply  at  102-103**  while 
when  crystallized  from  water  it  melts  at  135-140°.  This  phe- 
nomenon was  repeatedly  observed  but  w:hether  it  is  due  to  some 
form  of  isomeric  change  remains  imdecided. 

That  the  substance  isolated  as  above  described  was  actually 
hydroxyprolylproline  anhydride  possessing  the  formula  given 
above  and  not  the  isomeric  prolylproline  was  proved  by  hydrol- 
ysis. 3  gm.  of  the  peptide  were  heated  in  a  sealed  tube  with  9 
cc.  of  fuming  hydrobromic  acid  for  4  hoiu^  at  130°.  The  tube 
was  then  opened,  the  contents  were  diluted  with  water,  and 
evaporated  under  reduced  pressure  as  far  as  possible.  The 
residue  was  dissolved  in  water  (20  cc.)  and  vigorously  shaken 
with  excess  of  freshly  precipitated  silver  oxide  until  the  reaction 
was  neutral  to  Congo  red.  The  silver  bromide  was  filtered  off 
and  silver  removed  from  the  filtrate  with  hydrogen  sulfide. 
On  concentration  a  completely  crystalline  mass  was  obtained 
which  was  readily  separated  into  soluble  proline  and  insoluble 
hydroxyproline  on  treatment  with  absolute  alcohol. 

The  hydroxyproline  weighed  1.40  gm.,  melted  at  263°,  and 
contained  no  amino  nitrogen.  On  analysis  it  gave  46.1  per  cent  of 
carbon,  6.83  per  cent  of  hydrogen,  and  10.8  per  cent  of  nitrogen. 
Its  specific  rotation  in  water  (C  =  0.93)  was  —74.8°.  The  proline 
fraction  weighed  1.72  gm.  and  on  treatment  with  cold  absolute 
alcohol  a  trace  more  of  hydroxyproline  was  separated.  On  analysis 
it  gave  52.0  per  cent  of  carbon,  7.98  per  cent  of  hydrogen,  and  12.0 
per  cent  of  nitrogen.    Amino  nitrogen  was  absent.     The  proline 
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was  partially  racemized  by  the  treatment  with  hydrobromic 
acid,  for  its  specific  rotation  in  water  was  only  —48°  and  on 
converting  it  into  the  copper  salt  in  the  usual  fashion,  part  was 
soluble  in  methyl  alcohol  while  the  insoluble  portion,  on  drying, 
gave  the  characteristic  purple-violet  copper  salt  of  inactive 
proline. 

Inactive  Proline  Hydantoin, 
CH,— CH, 


CH,    CH— COv 
\/  >NH 

Optically  active  proline  hydantoin  has  frequently  been  made 
use  of  by  the  writer  for  the  identification  of  proUne.  The  inac- 
tive derivative  has  not  hitherto  been  described.  It  was  prepared 
as  follows.  Gelatin  (100  gm.)  was  heated  in  an  autoclave  at 
130°  for  10  hours  with  crystallized  barium  hydroxide  (250  gm.) 
and  water  (500  cc).  The  mixture  was  neutralized  with  sulfuric 
acid,  filtered,  and  concentrated  and  then  cxtraete^l  for  36  hours 
with  butyl  alcohol  under  diminished  pressure  as  already  de- 
scribed. The  filtered  extract  was  evaporated  to  dryness  and 
taken  up  in  absolute  alcohol.  The  crude  proUne  solution  was 
then  purified  with  mercuric  acetate  as  already  described  for 
the  active  product.  The  partially  purified  yield  of  proUne  which 
was  entirely  inactive  amounted  to  4.2  gm.  2  gm.  of  this  product 
was  greatly  warmed  on  the  water  bath  for  1  hour  with  2.0  gm.  of 
potassium  cyanate  and  10  cc.  of  water.  The  residue  was  taken 
up  in  water  and  made  just  acid  to  Congo  red  with  dilute  sulfuric 
acid,  and  then  extracted  for  about  6  hours  with  ether  to  remove 
traces  of  contaminating  uramino-acdds.  The  aqueous  solution 
was  then  evaporated  with  10  cc.  of  concentrated  hydrochloric 
acid  to  convert  the  remaining  uramino-acid  into  the  hydantoin. 
On  prolonged  reextraction  with  ether  r-proline  hydantoin  was 
obtained  in  a  yield  of  1.8  gm.  It  is  extremely  soluble  in  water 
and  alcohol,  readily  soluble  in  ether  and  acetone,  and  sparingly 
soluble  in  chloroform.  It  crystallizes  from  its  concentrated 
aqueous  solution  in  the  fonn  of  highly  refractive  apparently 
hexagonal  prisms.  It  melts  at  a  distinctly  lower  temperature 
than  the  active  variety;  namely,  142-143°. 
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Analysis.    0.1532  gm.  gave  0.2881  gm.  CO2  and  0.0801  gm.  H]0. 

Calculated  for  CeHgNiOs:  51.4  per  cent  C;  5.71  per  cent  H. 
Found:  51.3  per  cent  C;  5.80  per  cent  H. 

SUMMABT. 

An  analysis  of  the  products  of  hydrolysis  of  gelatin  has  been 
made  making  use  of  extraction  with  butyl  alcohol  for  the  sepa- 
ration of  certain  groups  of  amino-acids. 

Butyl  alcohol  extraction  under  ordinary  pressure  readily 
removes  the  alanine,  leucine,  and  phenylalanine,  while  hydroxy- 
proline  and  serine  are  extracted  more  slowly.  Glycine  is  ex- 
tracted to  a  relatively  small  extent. 

*  The  extraction  of  proline  is  best  accomplished  by  extraction 
with  butyl  alcohol  under  reduced  pressure,  thus  limiting  second- 
pxy  changes.  Propyl  alcohol  may  be  used  to  complete  the  extrac- 
tion of  the  hydroxyproline.  Various  methods  are  described  for 
the  separation  and  purification  of  proline  and  hydroxyproline 
together  with  some  new  derivations.  It  was  found  that  hydroxy- 
proline  is  readily  esterified  and  that  much  of  it  passes  into  the 
ester  fraction  soluble  in  ether  when  hberated  with  bariimi  hydrox- 
ide. Reasons  are  advanced  for  the  beUef  that  gelatin  may  yield 
as  much  as  14  per  cent  of  hydroxyproline. 

The  strong  acids  and  bases  from  gelatin  are  not  extracted  by 
butyl  alcohol.  The  former  consist  entirely  of  aspartic  and  glu- 
tamic acids.  The  absence  of  hydroxyglutamic  acid  was  estab- 
lished. The  absence  of  valine  and  isoleucine  was  determined. 
Gelatin  appears,  therefore,  a  very  suitable  material  for  the  prep- 
aration of  optically  pure  leucine. 

A  new  tricyclic  peptide  from  gelatin  is  described;  namely, 
7-hydroxyprolylproline  anhydride. 

The  preparation  of  the  hydantoin  deriveratives  of  Z-hydroxy- 
proline  and  r-proline  is  also  recorded. 

The  quantitative  results  of  the  estimation  of  the  amino-acids 
from  gelatin  are  recorded  in  tabular  form.  The  total  thus  estimated 
amounts  to  91.31  per  cent  to  which  must  be  added  considerable 
additional  amounts  of  serine  and  possibly  allied  substances  which 
could  not  be  satisfactorily  separated  from  the  hydroxyproline. 
Unidentified  sulfiu*  derivatives  are  also  present. 
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A  QUANTITATIVE  METHOD  FOR  THE  DETERMINATION 
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INTRODUCTION. 

The  work  of  Williams^  demonstrates  that  a  substance  of 
unknown  structure,  a  constituent  of  yeast,  is  necessary  in  addi- 
tion to  the  ordinary  nutrients  for  the  nutrition  of  yeast  cells. 
This  substance  Williams  concludes,  based  upon  identical 
occurrence  and  various  properties,  is  identical  with  the  beri-beri- 
preventing  vitamine.  He  further  found  that  the  growth  of  single 
cells  of  yeast  may  be  used  as  a  simple  biological  test  for  this 
vitamine.  His  results  at  the  time  of  the  publication  of  his  paper 
also  indicated  that  this  test  might. be  of  quantitative  value. 

The  work  here  presented  shows  that  this  vitamine  or,  as  Mc- 
CoUum  calls  it,  the  waternsoluble  B  growth-promoting  substance 
can  be  quantitatively  determined  by  this  simple  biological  method. 

The  Method. 

The    Preparation    and    Extraction    of  the    Tissues. 

The  tissues  examined  in  the  following  experiments  were  obtained 
as  fresh  as  possible  and  were  immediately  treated  as  follows. 
The  connective  tissue  and  fat  were  first  removed  in  order  to 
obtain  the  desired  tissue  as  pure  as  possible.  The  tissue  was 
then  finely  divided,  weU  mixed,  and  a  weighed  portion  then 

*  Williams,  R.  J.,  /.  Biol.  Chem.j  1919,  xxxviii,  465. 
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dried  at  3  mm.  pressure  in  a  partial  ether  atmosphere  over  con- 
centrated H2SO4  for  24  hours.  The  approximate  dry  weight  was 
then  taken.  The  tissues  at  this  stage  were  in  such  a  condition 
that  they  could  be  groimd  up  easily  with  plaster  of  Paris.  This 
mixture  was  allowed  to  stand  in  a  vacuum  desiccator  for  2  days, 
regroimd,  and  again  reground  immediately  before  the  extraction. 
In  the  cases  where  not  all  the  tissue  was  necessary  in  one  experi- 
ment and  analysis,  the  total  weight  of  the  mixtiure  was  obtained 
and  a  definite  amoimt  of  the  well  mixed  material  taken  for  anal- 
ysis. This  was  transferred  quantitatively  into  the  cup  of  the 
Koch  extractor  which  had  been  thoroughly  dried  in  an  oven  at 
103°C.;  the  open  end  of  the  condenser  was  connected  by  means 
of  a  cork  stopper,  covered  with  tin-foil,  with  a  filled  calcium 
chloride  tube  which  had  been  bent  in  order  to  avoid  the  possible 
falling  of  particles  of  CaCU  into  the  extractor.  The  tissue  was 
then  extracted  for  6  hours  with  commercial  absolute  ether  which 
had  been  further  dried  by  standing  over  metaUic  sodium  for 
at  least  12  hours  before  use.  After  most  of  the  ether  vapor  had 
been  removed  from  the  extractor  the  extraction  with  95  per  cent 
redistilled  alcohol  was  started  and  continued  for  18  consecutive 
hours.  In  the  preliminary  experiments  a  second  alcoholic  extrac- 
tion was  made.  The  alcoholic  extract  was  slowly  evaporated  to 
dryness  on  a  steam  bath  avoiding  overheating.  The  residue  was 
dried  in  a  desiccator  over  concentrated  H2SO4,  then  dissolved  in 
distilled  water,  and  made  up  to  definite  volume.  Undissolved 
particles  were  filtered  off  after  the  solution  of  all  vitamine  had 
been  insured  by  slightly  warming.  This  solution  was  then 
analyzed  by  the  yeast  cell  method  for  its  content  of  alcohol- 
water-soluble  vitamine. 

The   Yeast  Cell  Method. 

Preparations. — The  yeast  cell  method  has  been  simplified  to  a 
great  extent  by  Williams  and  myself  since  the  first  publication  of 
the  method.  We  found  that  more  uniform  results  could  be 
obtained  by  using  commercial  compressed  yeast  instead  of  pure 
cultures.  In  all  the  experiments  Fleischmann's  compressed 
veast  was  used. 

A  growth  medium  containing  all  the  essential  inorganic  con- 
stituents, sugar,  and  organic  nitrogen  was  prepared  as  follows: 
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20       gm.  saccharose  (Eahlbaum's). 
3         "    (NH4)iS04  (Merck's). 
2         "    KH2PO4 

1.6      "    asparagine  (Kahlbaum's,  twice  recrystallized). 
0.25    "    CaClj  (Merck's). 
0.25    "    MgS04 

These  constituents  were  dissolved  in  1  liter  of  redistilled  water. 
The  medium  was  kept  in  the  ice  box  after  it  had  been  sterilized 
to  avoid  any  bacterial  contamination. 

The  greatest  difficulty  was  experienced  in  preparing  the  cover- 
slips  so  that  they  were  perfectly  clean,  and  at  the  same  time  that 
uniform  hanging  drops  could  be  obtained.  The  following  method 
was  finally  adopted  as  giving  the  most  satisfactory  results.  After 
the  cover-slips  had  been  thoroughly  cleaned,  first  with  soap  and 
water,  then  with  cleaning  solution,  and  rinsed  with  distilled 
water  imtil  all  traces  of  the  cleaning  mixture  had  been  removed, 
they  were  placed  singly  on  a  drying  rack  especially  prepared  for 
this  purpose  and  dried  in  the  oven  at  103°C.  They  were  then 
inamersed  in  a  solution  contaiDing  1  drop  of  molten  vaseline  in 
200  cc.  of  redistilled  benzene.  The  cover-slips  were  then  dried 
with  a  towel  and  dried  in  the  oven  at  103°C.  It  was  found  that 
the  cover-slips  so  prepared  were  very  satisfactory,  for  one  can 
easily  obtain  drops  of  uniform  size  on  such  a  surface,  whereas, 
when  they  are  kept  in  alcohol,  considerable  difficulty  is  experi- 
enced in  this  respect. 

The  solutions  to  be  tested  were  prepared  as  follows.  25  cc.  of 
the  sterile  medium  were  measured  by  means  of  a  pipette  into  a 
150  cc.  Erlenmeyer  flask,  to  this  was  added  a  known  amoimt  of 
the  imknown  solution  which  had  been  prepared  as  described 
above,  and  then  sufficient  water  to  bring  the  total  to  30  cc.  Of 
each  concentration  duplicates  were  prepared.  A  blank  test 
accompanied  each  set  of  analyses.  All  the  solutions  so  prepared 
and  those  which  had  to  be  preserved  for  future  use,  as  well  as 
the  pipettes  and  distilled  water  which  were  used  for  the  analysis, 
were  now  sterilized  for  10  minutes  at  10  pounds  pressure. 

The  Method, — The  following  procedure  was  carried  on  inside  a 
sterile  cupboard  prepared  for  the  purpose.  This  cupboard  was 
sterilized  by  means  of  a  spray  of  50  per  cent  alcohol  24  hours 
before  use.  The  sliding  glass  door  was  opened  only  far  enough  to 
permit  free  movement  of  the  hands  of  the  operator. 
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A  cake  of  Fleischmann's  yeast  was  broken  in  half  inside  the 
sterile  cupboard  and  a  piece  as  large  as  three  pin  heads  was 
broken  off  from  the  inside  of  the  broken  surface  by  means  of  a 
sterile  pen  and  transferred  to  a  test-tube  containing  about  15  cc. 
of  sterile  distilled  water.  The  right  concentration  of  suspension 
of  yeast  cells  was  usually  obtained  when  the  solution  showed  just 
slight  turbidity.  A  1  cc.  sterile  pipette  was  introduced  into  the 
suspension.  At  the  mouthpiece  of  the  pipette  a  rubber  tubing 
was  attached  with  a  good  sized  cotton  plug  at  one  end.  By 
blowing  through  the  tube  and  pipette  a  uniform  suspension  of 
yeast  was  insured.  A  pinch-cock  regulated  the  amount  of  air 
needed  for  suction  or  pressure.  After  all  the  yeast  had  been 
suspended,  or  nearly  so,  the  suspension  was  allowed  to  stand  for 
1  or  2  minutes  to  allow  agglutinated  masses  of  yeast  cells  or 
heavier  particles  to  sink  to  the  bottom.  1  cc.  of  the  suspension 
was  then  pipetted  from  the  supernatant  liquid  and  transferred 
to  a  test  solution.  By  test  solution  is  meant  a  solution  of  the 
same  volume  as  the  solution  of  the  water-dissolved  alcohol  extract 
to  be  tested.  It  is  necessary  to  carry  out  this  preliminary  trial, 
because  the  concentration  of  yeast  cells  in  the  suspension  is  of 
utmost  importance.  After  gently  shaking  this  very  dilute  sus- 
pension for  about  1  minute,  a  sterile  pen  was  dipped  into  it  and 
36  drops  were  made  on  a  cover-slip  prepared  as  described  above 
and  immediately  inverted  on  a  hollow  groimd  slide  prepared  with 
vaseline  so  as  to  seal  the  chamber  air-tight.  After  the  time  of 
seeding  of  the  solution  had  been  recorded  the  drops  were  imme- 
diately examined  with  the  low  power  of  the  microscope.  A 
mechanical  stage  was  foimd  to  assist  greatly  in  the  analysis  of 
the  drops.  Only  those  drops  were  taken  into  consideration  which 
contained  only  one  or  at  most  two  single  cells  and  no  foreign  con- 
tamination. When  too  many  single  cells  were  foimd  per  drop  on 
the  average,  the  suspension  was  diluted  with  distilled  water  until 
satisfactory.  On  the  other  hand  if  too  few  single  cells  were  found 
a  higher  concentration  could  be  obtained  by  pipetting  from  nearer 
the  bottom  of  the  first  suspension  instead  of  from  the  surface  as 
indicated  above,  where  a  desirable  concentration  of  yeast  cells 
is  assumed  in  the  first  more  concentrated  suspension.  After  the 
right  way  of  seeding  had  been  determined  all  the  solutions  to  be 
tested  were  treated  in  the  same  way.    Of  each  concentration  of 
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vitaminfl  to  be  tested  two  aoalyses  were  made,  and  for  each 
analysis  36  hanging  drops  were  made  and  observed,  making  s 
total  of  72  hanging  drops  for  each  concentration.  By  using  a 
standard  pen  and  cover-slips  as  described  above  unifonnly  sized 
drops  were  easily  obtained.  Every  drop  was  examined  micro- 
scopically and  a  record  kept  for  every  slide  as  follows. 

Reading  for  Cover-Slips. 

Solution  la,  Table  I. 

First  reading.  6  hr.  re&diDg.  18  hr.  reading. 
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The  large  square  represents  the  cover-slip. 
Every  amatl  square  represents  a  banging  drop. 
S  —  one  single  cell. 
28  —  two     "      cells. 

+  —  more  colonies  found  than  could  be  accounted  for. 
X  ~  wild  yeast  colonies. 
0  =  cell  died  and  autolyzed. 

On  the  average  about  65  single  cells  we^e  taken  into  considera- 
tion for  every  concentration  examined.  After  the  drops  had 
been  examined  the  shde  was  incubated  at  30*C.  After  5  to  6 
hours  incubation  the  slides  were  reexamined.  Only  slight  growth 
had  taken  place  during  this  time.  All  the  drops  which  were 
D0t«d  to  contain  single  cells  were  carefully  reexamined  and  the 
growth  was  recorded.  Any  drop  in  which  more  colonies  were 
found  than  could  be  expected  from  the  number  of  single  cells 
recorded  in  the  first  reading  was  excluded  from  the  Snal  con- 
aderation.  After  a  total  incubation  of  18  hours  all  drops  were 
carefully  reexamined  and  all  changes  noted.  The  cells  were 
counted  carefully  by  using  the  high  power  of  the  microscope  and 
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recorded.  Wild  yeast  colonies  could  easily  be  differentiated  at 
this  stage.  Drops  containing  such  wild  yeast  colonies,  or  cells 
which  had  not  multiplied  at  all,  or  cells  which  had  autolyzed  were 
not  considered.  All  other  cells  were  considered  in  the  final 
calculation.  The  minimum  and  maximum  growths  are  here 
recorded,  but  the  average  growth  given  is  the  average  of  all  the 
readings  considered.  From  the  average  growth  the  final  values 
were  calculated;  viz.y  the  nxmiber  of  cells  which  would  have  been 
obtained  if  in  18  hours  we  had  used  the  extract  of  1  gm.  of  tissue 
for  one  cell,  in  the  same  volume,  assuming  that  the  growth  would 
have  been  proportional,  which  is,  of  course,  not  exactly  warranted. 

EXPERIMENTAL. 

Preliminary  Experiments. 

Two  ripe  Brazil  nuts  were  groimd  up  and  prepared  as  described 
above.  Two  separate  extractions  were  made  of  the  same  sample. 
The  extracts  were  analyzed  separately  by  the  yeast  multiplicar 
tion  method.    The  results  obtained  are  shown  in  Tables  I  and  II. 

For  the  first  analysis  relatively  smaller  quantities  were  used 
and  accordingly  the  cell  multiplication  was  smaller  than  in  the 
subsequent  analysis.  On  the  other  hand  we  observed  that  the 
values  finally  calculated  are  relatively  higher  for  the  first  analysis. 
Two  factors  jnay  account  for  this.  We  obtained  for  the  blank 
test  a  multiplication  of  about  three  and  one-half  cells  on  the 
average  from  one  single  cell.  Theoretically  no  multiplication 
should  take  place.  We  know  that  yeast  needs  this  substance  for 
its  development  and  contains  relatively  large  quantities.  In 
making  the  yeast  suspension,  theoretically  we  suspend  only 
yeast  cells,  but  we  undoubtedly  dissolve  some  of  the  adhering 
material  as  well  as  some  dead  disintegrated  yeast  cells,  bqth  of 
which  may  yield  traces  of  vitamine.  A  second  factor  to  which 
we  may  ascribe  this  multiplication  is  the  probable  storage  of 
vitamine  in  the  yeast  cell.  The  yeast  cell  when  grown  on  a  rich 
medium  will  undoubtedly  have  stored  an  excess  of  this  particular 
vitamine.  This  excess  may  then  consequently  be  used  when  this 
vitamine  is  absent  from  the  diet.  We  must  consequently  take 
these  factors  into  consideration  when  a  relatively  small  multi- 
plication of  yeast  cells  takes  place. 
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TABLE  I. 


Brazil  Nut.    Analysis  1. 


No.  of 
solution.* 

Minimum 
growth. 

Maximum 
growth. 

Average  growth. 

No.  of  cells  equivalent  to  1  gm.  tissue. 

1 

2 

Fresh. 

Dried. 

Fresh. 

Dried. 

la 

4 

18 

10.4 
i.t 

10.4 

1,040 

1,093 

lb 

6 

21 

10.4 

36 

M 

64 

M 

988 

1,041 

2a 

8 

24 

15 

10 

14.6 

872 

924 

2b 

6 

25 

14.3 

• 

14 

It 

14 

14 

78 

71 

*  Solutions  la  and  lb  represent  0.01000  gm.  fresh  tissue,  0.00948  gm. 
dried  tissue,  respectively. 

Solutions  2a  and  2b  represent  0.01675  gm.  fresh  tissue,  0.01580  gm. 
dried  tissue,  respectively. 

t  The  small  index  numbers  indicate  the  numbers  of  single  yeast  cells 
observed. 


TABLE  II. 

Brazil  Nut.    Analysis  II. 


No.  of 
solution.* 

Minimum 
growth. 

Maximum 
growth. 

Average  growth. 

No.  of  cells  equivalent  to  1  gm.  tissue. 

1 

2 

Fresh. 

Dried. 

Fresh. 

Dried. 

la 

11 

33 

28.5 
le 

29.9 

885 

935 

• 

lb 

6 

40 

30.4 

• 

lb 

SI 

31 

ti 

878 

927 

2a 

20 

60 

48 

17 

49 

870 

918 

2b 

16 

58 

50 

19 

30 

t« 

it 

67 

67 

*  Solutions  la  and  lb  represent  0.03384  gm.  fresh  tissue,  0.03204  gm. 
dried,  tissue,  respectively. 

Solutions  2a  and  2b  represent  0.05640  gm.  fresh  tissue,  0.05340  gm. 
dried  tissue,  respectively. 
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Fig.  1  corresponds  to  Table  I  and  Fig.  2  to  Table  II.  From 
these  figures  we  can  conclude  that  these  factors  are  n^ligible 
when,  under  standard  conditions,  we  have  ten  or  more  cells 
developed  from  one  single  yeast  cell.  We  find  that  the  value 
obtained  for  Solution  la  of  Analysis  I  is  theoretically  too  high, 
whereas  Solution  2  of  the  same  anal3rsis  corresponds  to  the  values 
obtained  from  the  two  dilutions  of  the  second  analysis. 

A  second  alcohol  extraction  was  made  on  the  residues  of  both 
analyses.  Vitamine  was  absent  in  both  cases  in  these  second 
•extractions.  Consequently  it  was  considered  sufficient  to  extract 
the  preparation  for  14  hours  especially  since  smaller  amounts 
were  employed  in  the  succeeding  experiments,  these  being  rela- 
tively high  in  vitamine. 

To  see  whether  any  vitamine  was  lost  during  the  ether  extrac- 
tion, analyses  were  made  on  the  aqueous  suspensions  of  the 
residues  of  the  ether  extracts.  It  was  found  that  no  multiplica- 
tion of  yeast  cells  took  place.  The  extraction  with  absolute 
€ther,  therefore,  in  confirmation  of  Williams'  findings  does  not 
remove  any  of  the  specific  substance  necessary  for  the  multipli- 
cation of  the  single  yeast  cell.  It  may  be  noted  from  experi- 
ments not  reported  in  detail  in  this  paper  that  when  ordinary 
-ether  was  used  in  the  extraction  appreciable  vitamine  was  found 
to  be  present  in  the  ether  extract.  This  probably  accounts  for 
the  varying  results  obtained  by  other  observers  on  ether  extracts 
in  animal  feeding  experiments. 

The  experiments  reported  in  Tables  III  and  IV  give  further 
proof  for  the  quantitative  value  of  the  results  obtained  in  this 
first  experiment. 

As  in  the  first  experiment,  duplicate  analyses  of  two  different 
dilutions  were  made  and  in  summary  Tables  III  and  IV  the  cal- 
culated \itamine  numbers  for  these  different  dilutions  are  reported. 

Discussion  of  Experiments  Made  on  Organs  of  Internal  Secretion. 

Various  observers  have  found  that  glandular  organs  are  rela- 
tively high  in  vitamines.  McColIum*  reports  a  high  vitamine 
content  (both  the  fat-soluble  A  and  water-soluble  B  growth- 

*  McCollum,  E.  v.,  The  newer  knowledge  of  nutrition,  New  York, 
1919. 
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promoting  substances)  in  glandular  organs.  Funk  and  Douglas' 
found  on  the  other  hand  that  practically  all  organs  of  internal 
secretion,  with  a  very  few  exceptions,  were  atrophied  in  avian 
polyneuritis.     It  was  thought,  in  consequence  of  these  reports, 

TABLE  III. 

Summary  of  the  Results  of  the  Vitamine  Determinations  of  Organs  of  Internal 

Secretion. 


Substance. 


Liver,  Ox  1 

"       "    2 

"     Dog  1 

Pituitary,  Dog  1 

"         cow 

Pineal,  "    

Kidney,      Dog  1 . . . . 

Suprarenal,  "    1 

Testis,  "    1 . . . . 

"       ram 

Ovaries,  Dog  2 

"  pregnant 

dog 

Thyroid,  Dog  1 

Thymus.     "     2 

Lymph,      "     1 

Pancreas,  "     1 

"  "     2 

Sciatic  nerve,  Dog  1. 


Water. 

per 
cent 

Dilution  1. 

Dilution  2. 

Vitamine  number.* 

No.  of  sin- 
gle    cells 
observed. 

Vitamine  number. 

Fresh 

tiB8UC. 

Dried 
tissue. 

Fresh 
ttnue. 

Dried 
tissue. 

66 

832 

2,448 

36 

958 

2,895 

66 

986 

2,908 

49 

1,058 

3,116 

65.4 

405 

1,298 

37 

390 

1,247 

71.8 

1,760  (?) 

6,250i:?) 

36 

1,293(?) 

4,600(?) 

78 

411 

1,846 

29 

402 

1,802 

81 

580 

3,000 

20 

576 

2,980 

75 

354 

1,413 

52 

386 

1,546 

51.3 

442 

913 

36 

458 

940 

83.2 

155 

924 

31 

116 

695 

86 

465 

3,241 

25 

450 

3,142 

72.3 

247 

890 

14 

264 

953 

74.5 

233 

915 

36 

234 

917 

74.6 

376 

1,360 

39 

t 

77 

105 

455 

29 

117 

507 

56 

90.7 

207 

19 

74.5 

170 

71.8 

53 

170 

28 

41 

128 

68.7 

61 

216 

20 

56.5 

200 

50.4 

408 

820 

30 

294 

590 

•a  8 1 


32 
23 
24 
28 
16 
19 
39 
30 
17 
13 
26 

25 

17 
31 
20 
21 
31 


*  The  vitamine  number  is  the  number  of  yeast  cells  which  would  grow 
from  one  single  cell  under  the  standard  condition  in  18  hrs.  in  presence 
of  vitamine  extracted  from  1  gm.  of  tissue. 

t  See  discussion  under  "Thyroid." 

that  the  substance  which  promotes  the  multipUcation  of  the 
yeast  cell  and  which  has  been  shown  to  be  identical  with  the 
beri-beri  curative  vitamine  by  WilUams^  must  be  of  great  impor- 


»  Funk,  C,  and  Douglas,  M.,  /.  Physiol,  1913-14,  xlvii,  475. 
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tance  to  the  organs  of  internal  secretion  and  that  a  quantitative 
study  as  to  its  distribution  in  various  organs  might  throw  some 
light  on  its  function  or  origin. 

In  Tables  III  and  IV  the  sunmiaries  of  the  results  of  these 
experiments  are  reported.  Most  of  the  tissues  were  obtained 
from  dogs.  Those  tissues  marked  "Dog  1"  were  obtained  from 
a  young  dog  which  was  killed  and  bled  specially  for  the  purpose. 
Only  a  few  tissues  were  obtained  from  other  animals  as  will  be 
indicated  in  the  proper  place. 

Liver. 

In  avian  polyneuritis  Funk  and  Douglas'  found  the  liver  in  all 
cases  to  show  a  distinct  cloudy  swelling  and  in  places  to  have 
broken  cells  leaving  in  some  cases  only  the  outline  of  the  inter- 
lobular capillaries 

McCoUum^  reports  that  the  liver  is  especially  high  in  content 
of  the  water-soluble  B  growth-promoting  substance. 

Two  different  analyses  were  made  of  the  Uver  of  the  ox.  From 
Table  III  we  can  sec  that  the  liver  contains  comparatively  large 
quantities  of  the  specific  vitamine. 

It  is  evident  from  Funk's  findings  that  the  absence  of  the 
beri-beri  curative  vitamine  is  fatal  to  the  hepatic  cell.  He  reports 
further  that  the  fatty  droplets,  which  normally  are  found  in  the 
cells  of  the  liver,  are  not  to  be  seen  in  the  liver  of  birds  which  had 
shown  primary  conditions  of  beri-beri.  This  fact  may  indicate 
that  the  vitamine  is  not  only  necessary  for  the  maintenance  of 
the  hepatic  cell,  but  also,  that  the  liver  stores  the  excess  of  the 
vitamine. 

The  liver  of  Dog  1  also  was  analyzed.  Relatively  large  quanti^ 
ties  of  vitamine  were  found  in  comparison  with  other  organs  of 
the  dog.  The  vitamine  number  obtained  for  the  dog  Uver  is 
relatively  much  lower  than  that  obtained  for  the  ox  liver.  Whether 
this  is  a  constant  difference  for  these  animals  or  whether  it  varies 
among  individuals  of  the  same  species  remains  to  be  determined. 
On  the  other  hand  it  is  well  known  that  the  composition  of  the 
liver  varies  considerably  from  time  to  time  depending  on  many 
factors. 
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Pituitary. 

The  pituitary  obtained  from  Dog  1  proved  to  be  very  small  in 
size  and  weight.  Nevertheless  an  analysis  was  made.  The  cal- 
culated vitamine  number  indicated  a  high  vitamine  content. 
The  number  is  imdoubtedly  too  high,  for  reasons  explained 
previously. 

In  order  to  obtain  more  convincing  results  the  pituitary  of  a 
larger  animal  was  chosen.  We  were  able  to  obtain  the  pituitaries 
of  cows  directly  from  the  slaughter  houses  due  to  the  courtesy  of 

TABLE  IV. 

Summary  of  the  Results  of  the  Vitamine  Determinations  of  the  Different 

Parts  of  the  Pituitary  of  the  Cow. 


Water. 

Dilution  1. 

Dilution  2. 

Substance. 

Vitamine  num- 
ber. 

No.  of  sin- 
gle    cells 
observed. 

Vitamine  num- 
ber. 

No.  of  sin- 
gle    cells 
observed. 

Fresh 
tissue. 

Dried 
tissue. 

Fresh 
tissue. 

Dried 
tissue. 

Pituitarv.  whole 

per  cent 

78 

74.5 

76.5 

74.7 

75.5 

79.6 

78 

52 

411 
384 
377 
658 
375 
80.2 
104 
183 

1,846 

1,512 

1,605 

2,660 

1,740 

392 

424 

383 

29 
39 
40 
35 
10 
34 
39 
26 

402 
427 
412 
550 
474 
62.2 
115 
172.5 

1,802 

1,684 

1,750 

2,170 

1,935 

340 

467 

364 

16 

Anterior  lobe,  Cow  1 

Pars  intermedia,  Cow  1  — 

U                    It                      u        2 

Posterior  lobe,       "      1  — 
u            ((           It      2 

Colloid 

—i ■ 

43 
20 
44 
27 
20 
24 
58 

Armour  and  Company.  Two  whole  glands  were  used  for  the 
analyses.  A  high  vitamine  content  was  found.  This  is  in  agree- 
ment with  the  findings  of  Funk  and  Douglas*  who  report  in 
avian  polyneuritis  a  distinct  degeneration  of  the  pituitary. 

The  distinct  physiological  function  of  the  three  different  parts 
of  pituitary,  the  anterior  lobe,  pars  intermedia,  and  posterior 
lobe,  is  generally  admitted  today.  It  was  thought  of  interest  to 
find  the  location  of  the  \'itamine  in  the  pituitary.  Two  different 
lots  of  pituitaries  were  carefully  dissected  into  the  three  parts. 
Analyses  were  made  of  the  different  parts  and  lots.  The  sum- 
mary^ of  the  results  is  reported  in  Table  IV. 
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A,  Anterior  Lobe  of  the  Pituitary, — In  both  anal3rses  a  high 
vitamine  content  was  found.  The  vitamine  niunber  of  both 
lanalyses  is  of  the  same  order,  the  difference  being  well  within 
the  limits  of  experimental  error  of  this  biological  test. 

The  importance  of  the  anterior  lobe  to  growth  in  general  and 
flex  development  particularly  has  been  shown  by  numerous 
workers.  From  the  recent  article  of  Goetsch*  we  can  see  that 
ijhe  overactivity  of  the  anterior  lobe  is  always  associated  with 
-overactivity  of  the  sex  glands  whereas  deficiency  is  followed  by 
imderdevelopment  of  the  sex  glands  in  the  young  and  sexual 
impotence  in  the  old.  This  relation  is  also  suggested  by  the  high 
vitamine  content  of  both  the  anterior  lobe  of  the  pituitary  and 
i;he  testicles  and  ovaries,  as  will  be  shown  later. 

It  is  also  of  interest  to  learn  from  Funk  and  Douglas'*  paper 
that  in  avian  polyneuritis  especially  the  anterior  lobe  showed 
distinct  disintegration,  the  number  of  cells  being  greatly  dimin- 
ished. On  the  other  hand  Dutcher*^  reports  that  tetheUn,  the. 
-extract  of  the  anterior  lobe,  relieved  pigeons  of  the  paralytic 
symptoms  brought  about  by  experimental  poljrneuritis  on  a 
deficient  vitamine  diet.  These  facts  and  the  finding  of  large 
quantities  of  vitamine  in  the  anterior  lobe  give  further  proof 
that  the  vitamine  which  increases  the  speed  of  multipUcation  of 
the  yeast  ceil  is  identical  with  the  beri-beri  curati\e  substance  as 
flhown  by  Williams.^ 

B.  Pars  Intermedia  of  the  Pituitary. — Analyses  of  two  different 
lots  were  made.  The  vitamine  numbers  obtained  for  these  diff- 
erent lots  are  both  relatively  high  but  differ  decidedly  from  one 
another.  This  probably  can  be  explained  by  the  difficulty  of 
separating  the  posterior  lobe  from  the  pars  intermedia,  the  sepa- 
ration never  being  complete,  although  the  greatest  care  was 
employed  in  the  dissection. 

Histologically  the  pars  intermedia  differs  from  the  anterior 
lobe  in  being  less  vascular.  On  the  other  hand,  the  pars  inter- 
media is  well  marked  off  from  the  posterior  lobe  which  is  also 
often  called  pars  nervosa.  It  will  be  seen  from  the  following 
experiments  that  the  posterior  lobe  contains  relatively  little  of 
the  vitamine. 

*  Goetsch,  E.,  Surg.,  Gynec.  and  Obst.,  1917,  xxv,  229. 
» Dutcher,  R.  A.,  /.  Biol.  Chem.f  1919,  xxxix,  63. 
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C  Posterior  Lobe  of  the  Pituitary, — In  both  analyses  the  vita- 
mine  content  was  found  to  be  relatively  low.  As  this  lobe  con- 
sists mainly  of  nervous  tissue  and  shows  no  change  in  avian 
polyneuritis,  the  low  values  found  are  not  surprising. 

D.  Colloid  of  the  Pituitary. — A  few  hardened  pieces  of  colloid 
were  found  during  dissection  of  the  glands.  The  results  of  the 
analysis  are  reported  in  Table  IV. 

Only  small  amounts  of  vitamine  were  found.  These  low  vita- 
mine  numbers  do  not  necessarily  indicate  that  the  colloid  is  not 
to  be  considered  the  secretion  of  the  gland.  These  colloid  par- 
ticles which  we  were  able  to  collect  are  probably  disintegrated 
material,  and  may  differ  chemicaUy  very  much  from  the  original 
fluid  colloid  found  in  the  pars  intermedia. 

When  we  calculate  the  total  vitamine  content  of  the  gland  on 
the  basis  of  the  data  of  the  various  parts  we  obtain  numbers 
which  differ  only  slightly  from  the  vitamine  number  obtained  by 
analysis  of  the  whole  gland. 

Analysis  I. 


Posterior  lobe 

Pars  intermedia 

Anterior  lobe .  

Colloid 

Total  glands 

Analysis  II. 


Weight. 

Cells  per 

Km. 
of  tissue. 

gm. 

7.169 

8.662 

14.860 

0.351 

73 

598 
407 
176 

31.042 

380 

Calculated 
number 

of  cells  for 
whole. 


524 

5,190 

6,035 

62 

11,811 


Pars  intermedia 

2.233 

0.932 

10.734 

444 
112 
389 

990 

Posterior  lobe 

104 

Anterior      "    

4,175 

Total  glands 

13.899 

379 

5,269 

The  pituitary  analyzed  as  a  whole  gave  a  vitamine  number  of 
408  cells  per  gm.  of  tissue. 
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Pineal  Gland, 

Six  pineal  glands  of  cows  were  obtained  directly  from  the 
slaughter  house.  The  results  of  the  analysis  of  these  glands  are 
reported  in  Table  III.  The  \'itamine  number  was  found  to  be 
somewhat  higher  than  for  the  pituitary. 

The  present  day  knowledge  of  this  gland  seems  to  indicate  a 
close  relation  of  the  pineal  gland  to  the  sex  glands.  McCord  in 
his  recent  paper*  states  in  his  summary  that  disturbances  of  the 
function  of  the  pineal  gland  are  followed  by  an  early  sexual 
development  evidenced  in  the  enlarged  genitalisi,  early  change  in 
voice,  by  precocious  mental  development,  and  by  general  over- 
growth of  the  body.  The  administration  of  the  pineal  gland  to 
young  animals  is  reported  to  hasten  sexual  maturity  and  growth. 

Kidney. 

Funk  and  Douglas'  report  in  all  cases  of  avian  polyneuritis 
tubular  changes,  consisting  of  the  swelling  and  breaking  up  of 
the  protoplasm  of  the  cells,  while  the  nucleus  showed  signs  of 
pycnosLs.  They  also  report  changes  of  the  glomeruli  and  of  the 
intertubular  capillaries  and  slight  edematous  conditions  of  the 
interstitial  tissue.  Cooper^  on  the  other  hand  finds  that  the 
kidney  tissue  is  a  very  efficient  beri-beri  curative. 

In  agreement  with  these  findings  are  the  results  of  the  vitamine 
analysis  of  the  kidney  of  Dog  1.  Remarkable  quantities  of 
vitamine  were  found. 

Suprarenal 

The  suprarenal  was  found  to  be  slightly  changed  in  avian 
poljTieuritis  by  Funk.  He  reports  slight  degeneration  in  both 
the  cortical  and  medullary  cells. 

The  suprarenal  gland  obtained  from  Dog  1  was  analyzed  for 
vitamine.  Considerable  quantities  were  found  when  the  fresh 
tissue  weight  is  considered. 

The  relation  of  the  suprarenal  to  the  sex  glands  was  reported 
in    1830    by   Nagel^   who   found   that    animals   wuth   large   sex 

•  McCord,  C.  P.,  Surg.,  Gynec.  and  Obst.,  1917,  xxv,  250. 
'  Cooper,  E.  A.,  Biochem.  J.,  1914,  viii,  250. 

•  Nagel,  W.,  Arch.  Anat.,  Physiol,  u.  wiascnch.  Mcd.y  1836,  36G. 
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glands  and  intensely  developed  sexual  activity  possess  large 
suprarenals.  Vincent*  states  that  there  is  considerable  amount  of 
clinical  evidence  that  tiunors  of  the  suprarenal  cortex  are  fre- 
quently associated  with  sex  abnormalities.  Bullock  and  Sequeira^® 
and  Glynn^^  report  that  children  with  hypernephroma  show  pre- 
mature development  of  the  whole  body  in  general,  but  especially 
prematiu*e  development  of  the  sex  glands. 

Thyroid. 

Funk  finds  in  avian  polyneuritis  marked  degeneration  of  the 
eeDs  of  the  thjnroid.  Consequently  an  analysis  for  vitamine  was 
made. 

It  was  found  that  when  5  cc.  of  the  water-dissolved  extract 
were  used  for  the  anal3rsis  most  of  the  yeast  cells  died  during  the 
experiment  and  the  remaining  did  not  grow  nearly  so  well  as 
those  of  the  blank  solution.  When  3  cc.  of  the  extract  were  used 
the  growth  was  equal  to  that  of  the  blank.  Some  cells  were 
found  to  have  died  during  the  experiment  but  not  nearly  so 
many  as  when  5  cc.  of  the  extract  were  used.  When  only  1  cc. 
of  the  extract  was  analyzed  by  the  yeast  cell  method  all  cells 
grew  and  a  noticeable  increase  in  the  multiplication  was  noted 
over  the  blank  test.  It  is  evident  that  the  thyroid  extract  is 
poisonous  to  the  yeast  cell  when  added  to  the  medium  in  large 
quantities,  but  when  only  a  small  amount  is  added  a  noticeable 
effect  on  the  multiplication  of  the  yeast  cells  takes  place  showing 
the  presence  of  considerable  quantities  of  vitamine. 

The  relation  of  the  thyroid  to  other  organs  of  internal  secretion 
has  been  shown  by  numerous  workers.  Hofmeister^  found  that 
extirpation  of  the  thyroid  causes  enlargement  of  the  anterior 
lobe  of  the  pituitary  and  degeneration  of  the  uriniferous  tubides 
of  the  kidney.     Von  Eiselberg^^  finds  that  after  extirpation  the 

"  Vincent,  S.,  Surg.j  Gynec.  and  Obst.y  1917,  xxv,  294. 

10  Bullock,  W.,  and  Sequeira,  J.,  Tr.  Path.  Soc.  London,  1905,  Ivi,  189. 

"  Glynn,  E.  E.,  Quart.  J.  Med.,  1911-12,  v,  157. 

"  Hofmeister,  F.,  Beitr.  hlin.  Chir.,  1894,  xii,  245;  Deutsch.  med.  Woch,, 
1896,  xxii,  354. 

"  von  Eiselberg,  A.,  Arch.  klin.  Chir.,  1895,  xlix,  207.  Deutsch.  Z.  Chir., 
1901,  Ixiv.  259. 
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sexual  glands  are  aifected  and  growth  is  retarded.  Biedl"  reports 
a  hypertrophy  of  the  suprarenal.  Alquier  and  Theuveny"  find 
after  thyroidectomy  degenerated  testicles  and  diminished  sperma- 
togenesis. 

Thymus. 

In  avian  polyneuritis  the  complete  disappearance  of  the  thy- 
mus is  reported  by  Funk  and  Douglas.'  On  the  other  hand  we 
find  from  the  recent  work  of  Uhlenhuth"  that  the  thymus  as  such 
does  not  contain  the  specific  growth-promoting  substance. 

An  analysis  was  made  on  the  thymus  of  a  young  dog.  Only 
relatively  Uttle  vitamine  was  found.  It  is  interesting  to  note 
from  a  recent  article  of  Hewer^^  that  large  quantities  of  thymus 
are  necessary  to  have  an  appreciable  effect  in  feeding  experiments. 

Many  divergent  statements  are  found  in  the  Uterature  as  to 
the  relation  of  the  th>Tnus  to  the  sex  glands.  As  to  the  influence 
of  thymectomy  Paton^*  observes  after  removal  of  the  thymus  an 
increase  in  weight  of  the  testis  whereas  the  results  of  the  experi- 
ments of  Hainan  and  Marshall^'  show  the  opposite;  namely, 
decrease  in  weight  of  the  testis.  On  the  other  hand  we  find  from 
the  work  of  Pappenheimer*^  that  thjmiectomy  had  no  influence 
on  the  development  of  the  young  animal.  From  these  results  it 
seems  that  the  thymus  has  only  a  secondary  function  in  develop- 
ment and  growth. 

Testis. 

Funk  found  the  testicles  greatly  atrophied  in  avian  beri-beri. 
Knowing  of  the  close  relation  of  the  organs  of  internal  secretion 
to  the  sex  glands  and  particularly  knowing  that  all  those  organs 
of  internal  secretion  which  are  of  physiological  significance 
to  the  sex  glands  have  a  high  vitamine  content,  we  were  not 
surprised  to  find  large  quantities  of  vitamine  in  the  sex  glands. 

"Biedl,  A.,  Wien.  klin,  Woch.,  1901,  xiv,  1278;  Wien.  Klin.,  1903, 
xxix,  281. 

*»  Alquier,  L.,  and  Theuveny,  L.,  Compi.  rend.  Soc.  biol.,  1908,  Ixiv,  663. 

"  Uhlenhuth,  E.,  Endocrinology,  1919,  iii,  285. 

IT  Hewer,  E.  E.,  J.  Physiol,  1913-14,  xlvii,  479. 

i»  Paton,  D.  N.,  J.  Physiol,  1911,  xlii,  267. 

*•  Hainan,  E.  T.,  and  Marshall,  F.  H.  A.,  Proc.  Roy.  Soc.  London,  SeriM 
B,  1914,  Ixxxviii,  68. 

*»  Pappenheinaer,  A.  M.,  Surg.,  Gynec.  and  Obst,  1917,  xxv,  276. 
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The  testicles  of  two  different  species  were  analyzed.  The  tes- 
ticles of  Dog  1,  which  was  a  young  dog  and  probably  not  full 
grown,  showed  a  high  vitamine  content.  The  testicles  of  a  ram 
also  were  analyzed  and  were  found  to  be  very  much  higher  in 
vitamine.     Table  III  gives  the  results  of  these  experiments. 

An  attempt  was  made  to  dissect  out  of  the  testicle  of  the  ram 
the  interstitial  glands.  Only  a  few  mg.  of  fresh  material  were 
obtained.  When  analyzed  by  the  yeast  cell  method  only  a 
slight  increase  of  the  speed  of  multiplication  was  noted  over  that 
of  the  blank  solution.  As  only  very  little  material  was  to  be 
accounted  for,  even  a  very  Uttle  increase  in  growth  indicates  a 
high  vitamine  content  of  the  interstitial  glands.  These  experi- 
ments will  be  repeated  on  a  vasectomized  animal  and  will  be 
reported  later. 

Ovaries. 

In  avian  polyneuritis  Funk  found  the  size  of  the  ovaries  greatly 
diminished. 

Two  fully  developed  female  dogs  were  killed.  One  was  preg- 
nant and  the  other  not.  The  ovaries  were  removed  and  analyzed 
for  vitamine.  In  the  pregnant  dog  the  ovaries  were  twice  as 
heavy  as  those  obtained  from  the  normal  dog  and  showed  the 
presence  of  many  corpora  lut^a.  The  vitamine  concentration  is 
of  the  same  order  in  both  cases,  but  since  the  ovaries  were  twice 
as  heavy  in  the  pregnant  as  in  the  non-pregnant  animal  the 
total  amount  is  about  twice  as  much  vitamine.  Whether  this  is 
related  to  the  corpora  lutea  content  has  not  been  determined. 

Sciatic  Nerve, 

Disintegration  of  the  axis  cylinder  of  the  sciatic  nerve  has 
frequently  been  reported  as  reason  for  the  paralytic  symptoms 
in  beri-beri.  The  sciatic  nerve  was  obtained  from  Dog  1  and 
analyzed  for  vitamine.  Considerable  amounts  of  vitamine  were 
found  in  proportion  to  the  fresh  weight  of  the  nerve. 

Lymph  Gland. 

The  lymph  gland  of  Dog  1  was  analyzed  for  vitamine.     The 
results  of  the  analysis  are  reported  in  Table  III. 
Only  traces  of  vitamine  were  found. 
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Pancreas. 

Funk  and  Douglas^  report  that  in  avian  polyneuritis  the  pan- 
creas was  not  diminished  in  size  nor  histologically  changed. 

The  pancreas  of  Dog  1  when  analyzed  gave  an  exceedingly  low 
vitamine  number. 

The  finding  is  partly  contradictory  to  the  finding  of  Williams^ 
who  found  that  pancreatin  decidedly  increased  the  speed  of 
multiplication  of  the  yeast  cell,  and  to  the  findings  of  Eddy*^  who 
reported  that  the  feeding  of  the  pancreas  increases  the  growth  of 
white  rats  when  added  to  a  diet  deficient  in  water-soluble  B 
growth-promoting  substance.  Eddy  in  his  feeding  experiments 
used  an  evaporated  extract  obtained  by  extracting  a  sheep  pan- 
creas with  95  per  cent  alcohol  of  0.8  per  cent  HCl  strength. 
Hydrolysis  will  certainly  take  place  to  a  certain  limit  in  such  an 
acid  concentration.  Previous  observers  also  found  that  hydro- 
lyzed  extracts  are  more  curative  for  beri-beri  than  unhydrolyzed 
extracts.  It  is  very  likely  that  the  pancreatin  used  by  WiUiams 
was  also  slightly  hydrolyzed. 

These  results  would  indicate  that  we  might  possibly  have  a 
vitamine  precursor  present  in  the  pancreas.  In  order  to  verify 
the  results  obtained  from  the  analysis  of  the  first  pancreas  another 
one  was  obtained.  The  second  pancreas  was  obtained  from  the 
same  normal  female  dog  from  which  the  ovaries  were  obtained. 
The  results  are  identical  with  the  first  determination  and  verify 
the  vitamine  number  obtained  for  the  fresh  pancreas. 

DISCUSSION. 

From  the  foregoing  experiments  it  is  clear  that  the  yeast  cells, 
when  grown  on  a  synthetic  medium  containing  sugar,  asparagine, 
ammonium  nitrogen,  potassium,  calcium,  magnesium,  sulfate, 
and  phosphate,  are  dependent  for  their  growth  on  a  substance, 
soluble  in  95  per  cent  alcohol  and  water,  but  of  unknown 
chemical  structure.  This  substance  stimulates  the  growth  of  the 
yeast  cell,  or  the  multiplication  of  the  cell,  so  that  a  unit  weight 
of  this  substance  is  essential  for  the  growth  of  a  definite  number 
of  yeast  cells.     This  finding  was  made  the  basis  of  the  present 

"  Eddy,  W.  H.,  J.  Biol.  Chem.,  1916,  xxvii,  113. 
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method  for  theTquantitative  determination  of  this  substance 
which  in  all  probability  is  identical  with  the  beri-beri  curative 
vitamine.  In  all  experiments,  except  the  one  with  the  thyroid 
extract,  the  quantitative  relation  between  imit  weight  of  vita- 
mine and  munber  of  yeast  cells  produced  has  been  demonstrated. 
In  the  case  of  the  thyroid  extract  we  undoubtedly  have  to  deal 
with  a  substance  which  is  toxic  to  the  yeast  cells,  in  addition  to 
the  growth-promoting  substance.  So  we  have  in  the  thyroid 
extract  really  not  an  exception,  but  a  more  complicated  situation. 

The  foregoing  experiments  also  show  the  distribution  of  vita- 
mine in  the  animal  body.  We  find  the  pituitary  and  pineal 
gland  highest  in  vitamine  content.  Although  little  may  be 
known  at  present  of  the  function  of  these  glands  still  there  seems 
to  be  enough  experimental  evidence  to  indicate  their  close  rela- 
tion to  growth  and  sex  development.  Most  of  the  other  organs 
of  internal  secretion — suprarenal,  testis,  ovaries,  and  thyroid,  all 
of  importance  to  growth  development — contain  about  the  same 
amount  of  vitamine  per  gram  of  dried  tissue.  A  somewhat  higher 
concentration  of  vitamine  is  found  in  liver  and  kidney.  On  the 
other  hand  little  was  found  in  those  glands  which  contain  much 
nuclear  material — the  thymus,  pancreas,  and  lymph  gland.  Thia 
fact  may  be  partly  contradictory  to  the  fact  that  a  high  amount 
is  found  in  the  yeast  cells  also  containing  large  quantities  of 
nuclear  material.  The  experiments  with  the  pancreas  seem  ta 
indicate  that  the  vitamine  is  present  here  in  the  form  of  vita- 
minogen.  This  vitaminogen  may  be  acted  upon  by  acids  or 
possibly  ferments  to  liberate  the  active  growth-promoting  sub- 
stance. It  is  interesting  to  note  that  the  sciatic  nerve  also  con- 
tains remarkable  quantities  of  vitamine. 

The  experiments  of  Funk  and  Enmaett  and  Allen**  showed 
that  all  these  organs  were  primarily  affected  by  vitamine  defi- 
ciency. The  finding  of  vitamine  in  all  these  organs  seems  to 
indicate  the  importance  of  vitamine  for  growth  or  sex  develop- 
ment. Whether  this  vitamine  is  a  growth-promoting  substance, 
e.g.  whether  it  facilitates  the  building  up  of  the  animal  body 
in  general  only,  or  whether  it  is  particularly  a  sex-promoting 
substance,  remains  to  be  determined. 

"  Emmett,  A.  D.,  and  Allen,  F.  P.,  J.  Biol.  Chem,,  1920,  xli,  p.  liiL 
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SUMMARY. 

1.  The  biological  test  of  Williams  for  the  detection  of  small 
quantities  of  the  water-soluble  B  vitamine  was  developed  and 
found  to  be  of  quantitative  value. 

2.  The  method  was  applied  and  the  vitamine  content  of  various 
organs  detennined.  A  summary  of  all  determinations,  giving 
the  diflFerent  \'itamine  nimibers,  is  found  in  Tables  III  and  IV. 

3.  From  the  results  of  these  determinations  it  is  evident  that 
this  specific  vitamine  is  present  in  large  quantities  in  most  of  the 
organs  of  internal  secretion  which  are  of  developmental  impor- 
tance, whereas  it  usually  is  present  in  very  much  lower  concen- 
trations in  other  organs  examined.  The  liver  and  kidney,  how- 
ever, are  high  in  vitamine  content. 

4.  The  tissues  high  in  nuclear  material,  such  as  thymus  and 
lymph  gland,  were  found  low  in  vitamine  content. 

5.  The  fresh  pancreas  was  found  low  in  activity.  It  is  sug- 
gested that  high  content  reported  by  others  may  be  due  to 
hydrolysis. 

6.  The  thyroid  was  the  only  organ  in  which  an  increase  in  con- 
centration of  the  /itamine  fraction  caused  a  toxic  action.  With- 
out proper  dilution  the  vitamine  activity  would  not  be  observed. 

7.  These  \itamine  determinations  brought  additional  evidence 
that  the  substance  which  increases  the  multiplication  of  the  yeast 
cell  is  identical  with  the  beri-beri  curative  vitamine 

In  conclusion  I  wish  to  acknowledge  my  indebtedness  to 
Professor  F.  C.  Koch  and  Dr.  R.  J.  Williams  for  valuable  advice 
given  me  throughout  the  research,  and  Dr.  M.  Hines  for  her 
assistance  in  the  dissection  of  different  organs. 
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In  1907,  Ascoli  and  Izar^  published  the  first  of  a  series  of  inter- 
esting observations  on  the  effect  of  inorganic  colloids  upon  the 
rate  and  extent  of  autolysis.  The  results  reported  in  this  first 
paper  show  that  the  metallic  hydrosols,  gold,  silver,  and  platinum, 
are  able  to  increase  autolysis  very  markedly.  Thus  9  mg.  of 
colloidal  silver  in  a  digest  containing  20  gm.  of  liver  were  suflScient 
to  cause  a  100  per  cent  increase  of  digestion  in  a  period  of  60 
hours.  The  three  metals  were  found  to  behave  exactly  alike, 
except  for  minor  quantitative  differences.  The  effect  appeared 
to  be  due,  therefore,  to  the  colloidal  state  rather  than  to  any 
chemical  action  which  would  be  specific  for  the  element  added. 

Autolysis  was  determined  by  removal  of  proteins  by  heat  coagu- 
lation and  acetic  acid,  and  the  estimation  of  non-coagulable  nitro- 
gen in  the  filtrate.  In  subsequent  papers  the  coagulation  was 
performed  in  the  presence  of  an  excess  of  KH2PO4.  The  metallic 
hydrosols  were  found  to  increase  autolysis  in  slightly  alkaline 
mixtures  as  effectively  as  in  the  normally  acid  digests.  This 
statement  is  of  particular  interest  when  it  is  recalled  that  alkaline 
or  even  neutral  tissue  pulps  normally  do  not  autolyze  at  all.  The 
colloids  would  appear  to  be  remarkably  effective  if  they  can  over- 
come the  regular  inhibitor}''  effect  of  alkali. 

The  authors  give  three  possible  explanations  of  the  mechanism 
of  increased  autolysis;  (1)  the  hydrosols  may  activate  the  enzymes, 
(2)  they  may  counteract  some  antiautolytic  substance  in  the  mix- 
ture, or  (3)  they  may  have  direct  catalytic  action  in  themselves 

»  Ascoli,  M.,  and  Izar,  G.,  Berl.  klin,  Woch,,  1907,  xliv,  96,  659. 
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facilitating  the  hydrolysis  of  liver  proteins  along  with  the  enzymes. 
The  authors  evidently  incline  to  the  last  hypothesis,  and  find  in 
it  a  confirmation  of  the  point  of  view  suggested  by  Bredig^  8 
years  before.  Bredig  indicated  the  similarity  in  the  action  of 
colloidal  sols  and  the  enzymes  which  decompose  hydrogen  per- 
oxide. It  led  to  the  rather  widely  accepted  hypothesis  that  the 
enzymes  accomplish  their  catalytic  effects  by  virtue  of  their 
colloidal  character  chiefly,  and  that  therefore  other  typical  diges- 
tive reactions  besides  .the  decomposition  of  hydrogen  peroxide 
might  be  simulated  by  inorganic  colloids. 

The  experiments  of  Ascoli  and  Izar  offer  confirmation  too,  and 
explanation  of  the  fact  already  announced  by  Galeotti  and  Todde' 
and  Robin  and  Bardet,^  that  injections  of  metallic  hydroBols  lead 
to  increased  nitrogen  elimination  as  a  result  of  some  deep  seated 
increase  of  cataboUsm.  The  impression  gained  from  the  paper  of 
Ascoli  and  Izar  and  their  subsequent  publications  is  that  the 
colloidal  sols,  acting  probably  like  hydrolytic  enzymes  themselves, 
accelerate  the  hydrolysis  of  proteins  both  in  vitro  and  in  vivo. 
Such  increased  protein  and  purine  breakdown  results  in  increased 
total  nitrogen  elimination  and  in  particular  increased  uric  acid 
output.  The  facts  developed  by  Ascoli  and  Izar  in  their  studies 
correlate,  therefore,  very  perfectly  with  the  finding  of  increased 
catabolism,  produced  by  injecting  colloidal  sols. 

The  nimiber  of  inorganic  hydrosols  which  increase  autolysis 
was  found  to  be  very  large.  Indeed,  not  one  of  the  series  investi- 
gated by  Ascoli  and  Izar  failed  to  produce  marked  acceleration 
and  increase  of  autolysis,  varying  from  50  to  500  per  cent  in 
some  instances.  Metallic  sols  were  prepared  usually  by  the  Bredig 
method  and  included  gold,  silver,  platinum,  palladium,  copper, 
etc.  Colloidal  hydroxides  were  used,  as  of  iron,  aluminima,  man- 
ganese. Sulfides,  as  arsenic  sulfide,  As2S»,  were  very  potent  in 
increasing  the  digestion.  The  variety  used  is  so  wide,  including 
positively  and  negatively  charged  colloids,  that  the  conclusion 
seems  inevitable  that  the  effect  is  attributable  in  some  way  to 

*  Bredig,  G.,  Anorganische  Fermente,  Leipsic,  1899. 

*  Galeotti,  G.,  and  Todde,  Lo  Sperementale,  1902,  341,  quoted  by  AbcoIi, 
M.,  and  Izar,  G.,  Biachem.  Z.,  1907,  v,  394. 

*  Robin  and  Bardet,  Bull.  Therap.,  1904-05,  quoted  by  Ascoli,  M.,  and 
Izar,  G.,  Biochem,  Z.,  1907,  v,  394. 
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the  colloidal  state,  the  only  factor  in  common  to  all  the  sols  tried. 
The  chemical  composition  of  the  particular  colloid  has  little  to 
do  with  the  reaction.  The  authors  do  conclude,  however,  in  a 
later  paper,*  that  the  intensity  of  the  effect  is  somewhat  dependent 
upon  the  group  to  which  the  element  belongs. 

Our  own  study  of  autolysis,  and  much  of  the  earlier  work,  has 
established  the  fact  that  acids  are  the  usual  accelerators  of  this 
reaction.  Indeed  so  many  of  the  examples  of  acceleration  re- 
corded in  the  literature  have  proved  to  be  due  to  the  acidity, 
rather  than  to  other  assigned  reasons,  that  one  is  inclined  to 
assume  that  this  is  the  only  true  cause  of  acceleration,  aside  from 
that  resulting  from  the  direct  addition  of  digestible  prot-ein  to  an 
autolyzing  tissue  pulp.  Thus  the  accelerations  reported  by  Preti* 
for  lead,  iron,  and  manganous  salts  are  found  to  be  due,  not  to 
the  metallic  ion  at  all,  but  to  the  acidity  produced  when  such 
salts  hydrolyze  in  water.  The  acceleration  due  to  bromine  and 
iodine,  phosphorus  under  certain  conditions,  carbon  dioxide,  sali- 
cylic and  boric  acids,  etc.  are  all  associated  with  increased  acidity 
(Morse,^  Yoshimoto,*  Bradley,®  etc.). 

Not  only  are  acidity  and  added  protein  the  only  firmly  estab- 
lished conditions  for  increased  autolysis  of  which  we  are  aware, 
but  from  the  logic  of  our  own  experiments  we  are  forced  to  the 
conclusion  that  these  two  mechanisms  are  identical,  and  that 
acids  are  effective  agents  in  the  reaction  because  they  increase 
the  mass  of  available  protein  substratum  in  the  digest.  They 
convert  the  great  mass  of  normally  undigested  and  indigestible 
proteins  of  the  tissue  into  proteins  which  are  attacked  by  the 
enzyme.  The  effect  of  adding  acid  is  therefore  exactly  like  that 
of  adding  acid  albuminate  or  casein  or  gelatin;  it  increases  the 
mass  of  substratum  and  so  causes  increased  amino-acid  production 
per  unit  of  time,  and  a  larger  absolute  amount  when  equilibrium 
is  attained. 

It  was  recognized  early  in  our  study  of  autolysis  that  the  results 
of  AscoU  and  Izar  were  likely  to  constitute  some  sort  of  an  inter- 

•  Ascoli,  M.,  and  Izar,  G.,  Biochem.  Z.,  1909,  xvii,  361. 

•  Preti,  L.,  Z.  physiol.  Chem.,  1909,  Ix,  317. 
^  Morse,  M.,  J.  Biol.  Chem.j  1915,  xxii,  125. 

'  Yoshimoto,  S.,  Z.  physiol.  Chem.y  1908-09,  Iviii,  341. 

•  Bradley,  H.  C,  J.  Biol.  Chem.,  1915,  xxii,  113. 
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eating  exception  to  this  general  behavior  of  autolyzing  gland 
tissue.  No  patent  explanation  of  this  behavior  of  colloidal  solu- 
tions was  forthcoming  which  could  relate  it  in  any  way  with  the 
addition  of  acid.  We  have  therefore  purposely  put  off  the  rein- 
vestigation of  this  problem  until  we  felt  more  familiar  with  the 
normal  and  usual  mechanism  of  the  reaction,  and  until  we  were 
in  better  possession  of  the  fundamental  factors  that  control  it. 
Feeling  sure  of  the  ground  already  covered  we  have.now  proceeded 
to  take  up  the  study  of  the  effect  of  colloids  upon  the  reaction, 
with  a  view  to  determining  whether  they  affect  the  enzyme,  or 
the  proteins,  to  produce  the  increased  autolysis.  To  our  complete 
surprise  we  have  thus  far  failed  to  find  any  real  case  of  undoubted 
acceleraiion  of  autolysis  by  the  presence  of  an  inorganic  colloid.  In 
view  of  the  many  experiments  performed  by  Ascoli  and  Izar,  and 
the  great  detail  with  which  they  are  reported,  we  do  not  wish  to 
offer  further  comment  at  this  time,  but  merely  present  our  data 
as  obtained  thus  far.  Some  accelerations  have  appeared  in  our 
results.  The  more  prolonged  and  complete  the  purification  of  the 
sol  by  dialysis,  the  more  certain  it  is  that  the  sol  woidd  be  without 
effect.  As  a  rule  further  dialysis  of  the  colloid  has  reduced  or 
removed  this  acceleration  along  with  small  amounts  of  acids  or 
acid-reacting  electrolytes.  It  is  possible  that  such  prolonged  dial- 
ysis alters  the  physical  character  of  the  colloid  and  thus  renders 
it  inert,  though  of  this  we  have  no  visible  evidence.  The  more 
likely  explanation  appears  to  us  to  be  the  removal  of  traces  of 
acids  or  electrolytes  producing  acid  by  hydrolysis.  The  following 
protocols  will  illustrate  how  completely  at  variance  are  our  residts 
with  those  published  by  Ascoli  and  Izar. 

EXPERIMENTAL. 

The  digests  were  made  with  liver  pulp  exactly  as  in  previous 
papers.  Titrations  of  amino-acids  constitute  our  criterion  of 
autolysis  in  all  cases.  In  certain  experiments  we  have  used  in 
addition  the  methods  of  heat  coagulation  as  described  by  Ascoli 
and  Izar.  We  believe  the  trichloroacetic  acid  method  of  pre- 
cipitating the  proteins  to  be  more  reliable,  however,  than  the 
methods  of  coagulation  by  heat. 
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Experiment  1,  Effect  of  Colloidal  Silver. — Two  types  of  silver  sols  were 
used,  oDe  prepared  by  arcing  under  distilled  water  with  silver  electrodes, 
the  other  by  reducing  a  silver  nitrate  solution  with  phosphorus  dissolved 
in  ether.  The  solutions  were  deep  brown,  filtered  readily,  and  were  stab- 
ilized with  small  amounts  of  dialyzed  gelatin.  All  these  solutions  would 
decompose  hydrogen  peroxide. 

Silver  Sol  I. — This  was  prepared  by  arcing  between  silver  electrodes 
under  distilled  water  until  the  solution  was  a  deep  brown.  The  solution 
was  kept  surrounded  by  cold  water  during  the  preparation,  but  the  tem- 
perature was  frequently  as  high  as  80°C.  After  filtering  the  sol  a  few  cc. 
of  1  per  cent  gelatin  were  added  to  stabilize  the  colloid.  There  was  not 
enough  available  protein  added  to  disturb  the  results  by  the  digestion  of 
the  stabilizer.    The  results  are  given  in  Table  I. 

TABLE  I. 

Silver  Sol  I;  Beef  Liver, 


Net  gain. 


Control 

4-    1  cc.  AgSol  I. 

4-    5  "    Ag    "    I 

4-  10  "    Ag    "    I 

"       4-  25  "    Ag    "    I 


Days. 

0 

2 

5 

7 

cc. 

cc. 

cc. 

ce. 

0.55 

1.20 

1.30 

1.30 

0.55 

1.30 

1.30 

1.35 

0.55 

1.30 

1.35 

1.35 

0.55 

1.30 

1.30 

1.35 

0.55 

1.30 

1.30 

1.35 

cc. 

0.75 
0.80 
0.80 
0.80 
0.80 


Silver  Sol  II. — This  was  prepared  in  the  same  way,  filtered,  stabilized, 
And  dialyzed  (Table  II). 

TABLE  II. 

Silver  Sol  II;  Beef  Liver, 


Days. 

Net  gain. 

0 

2 

5 

12 

Control 

cc. 

1.10 
1.10 
1.10 
1.10 

ce. 

1.50 
1.40 
1.40 
1.40 

ce. 

1.60 
1.75 
1.80 
1.70 

cc. 

2.10 
2.30 
2.35 
2.30 

cc. 
1.00 

"        4-  10  cc.  Ag  Sol  II 

1.20 

"        +25  "    Ag    "   II 

1.25 

"        4-  50  "    Ag    "   II 

1.20 

Silver  Sol  III, — Dialyzed  gelatin  was  added  to  distilled  water  to  a 
strength  of  0.03  per  cent.  The  sol  was  prepared  by  the  Bredig  method 
with  the  gelatin  present.  The  resulting  sol  was  alkaline  and  showed 
ammonium  compounds  and  silver  salts  in  solution,  from  the  decomposi- 
tion of  the  gelatin.    The  preparation  was  dialyzed  for  many  days  till 
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neutral  and  free  from  salts  of  silver.  This  was  a  very  strong  sol,  appear- 
ing black  except  in  thin  layers,  when  it  showed  the  typical  brown  color. 
It  decomposed  hydrogen  peroxide  rapidly.  The  results  are  given  in  Table 
III. 

TABLE  III. 

Silver  Sol  III;  Beef  Liver, 


Days. 

N«tsBin. 

0 

1 

3 

5 

Control 

ec. 

0.40 
0.40 
0.40 
0.45 
0.45 
0.40 

ec. 

0.95 
1.00 
1.00 
1.00 
1.00 
1.00 

cc. 

1.10 
1.05 
1.05 
1.05 
1.05 
1.05 

ce. 
1.10 

1.10 
1.10 
1.10 
1.10 
1.10 

ee. 

0.70 

"       +    0.5CC.  Ag  Sol  III 

+   2.5  "    Ag    "    III 

+  15      "    Ag    "    III 

"        +30      "    Ag    "    III 

+  50      "    Ag    "    III 

0.70 
0.70 
0.65 
0.65 
0.70 

Silver  Sol  IV. — This  was  made  up  from  a  silver  nitrate  solution,  by  the 
addition  of  ether  saturated  with  phosphorus.  After  the  reduction  was 
complete,  films  and  particles  of  metallic  silver  were  filtered  off,  the  sol 
was  stabilised  with  gelatin,  and  the  mixture  dialyzed  till  free  from  phos- 
phoric acid.  It  decomposed  hydrogen  peroxide  less  rapidly  than  No.  Ill, 
and  was  evidently  less  concentrated  (Table  IV). 

TABLE  IV. 
Silver  Sol  IV;  Beef  Liver. 


Days. 

Netfcain. 

0 

1 

2 

3 

10 

Control 

cc. 

0.50 
0.50 
0.50 
0.50 
0.50 
0.50 

cc. 

0.90 
0.90 
0.90 
0.90 
0.90 
1.70 

cc. 

1.00 
1.00 
1.00 
1.00 
1.00 
2.40 

cc. 

1.00 
1.00 
1.10 
1.00 
1.00 
2.65 

cc. 

1.10 
1.10 
1.10 
1.10 
1.10 
3.20 

cc. 

0.60 

"        +    1  cc.  AgSolIV. ... 
+    5  "    Ag    "  IV.... 
+  10  "    Ag    "   IV . . . . 
+  25  "    Ag    "   IV.... 

«        +  HCl 

0.60 
0.60 
0.60 
0.60 
2.70 

With  these  four  silver  sols  then,  stabilized  as  were  Ascoli  and 
Izar's,  and  carefully  freed  from  impurities  by  prolonged  dialysis 
in  collodion  bags  against  distilled  water,  no  results  could  be 
detected.  They  neither  accelerated  nor  inhibited  the  course  of 
autolysis.  Yet  silver  sols  were  very  effective  in  the  hands  of 
Ascoli  and  Izar  and  were  used  as  standards  with  which  to  com- 
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pare  other  hydrosols.  All  the  sols  were  thoroughly  stable,  and 
after  several  months  showed  mere  traces  of  filterable  precipitates 
or  none  at  all. 

Experiment  2,  Effect  of  Fe(OH)z. — Having  failed  to  confirm  the  results 
reported  by  Ascoli  and  Izar  with  colloidal  silver,  we  took  up  another 
colloid,  easy  of  preparation,  stable,  and  readily  purified.  Fe(OH)s  may 
be  obtained  by  pouring  FeCU  of  proper  strength  into  distilled  water.  Such 
a  preparation  is  always  acid  from  the  hydrolysis  of  the  FeCls.  By  pro- 
longed dialysis  it  may,  however,  be  obtained  quite  neutral.  It  is  obtain- 
able also  on  the  market.  Merck's  "dialyzed  iron/'  a  5  per  cent  FesO« 
commercial  hydrosol,  was  used  in  our  experiments  first.  The  preparation 
gave  evident  acceleration.  It  was  also  quite  acid.  When,  however,  it 
was  thoroughly  dialyzed  for  a  week  against  many  changes  of  distilled 
water,  it  no  longer  had  any  effect  on  the  reaction  (Table  V). 

TABLE  V. 
Colloidal  Ferric  Hydroxide;  Beef  Liver. 


Net  Rain. 


Control 

"       +  0.5cc.Fe(OH), 

"       +  2.5  "    Fe(OH), 

"       +10.0  "    Fe(OH), 

"       +50.0  "    Fe(OH). 

"       +25.0  "    Fe(OH)«(com 
mercial) 


Days. 

0 

1 

2 

3 

10 

ec. 

cc. 

cc. 

cc. 

cc. 

0  60 

095 

1.05 

1  05 

1.30 

0.50 

0  95 

1.05 

1  10 

1.30 

0.50 

0  95 

1.05 

1  10 

1.25 

0  50 

0  95 

1.15 

1.15 

1.35 

0.50 

0  95 

1  05 

1  20 

1.40 

0.50 

1.65 

2.00 

2.40 

2.70 

cc. 

0.80 
0.80 
0.75 
0  85 
0  90 

2.20 


This  experiment  has  been  repeated  a  number  of  times  with 
the  same  results  in  each  case.  As  long  as  the  hydrosol  contains 
chlorides  which  can  be  found  in  the  dialysate  after  a  few  hours  it 
will  accelerate  autolysis.  When  the  chloride  test  becomes  quit^ 
negative,  the  accelerating  action  ceases.  In  certain  of  the  experi- 
ments in  which  this  hydrosol  was  used,  Ascoli  and  Izar  controlled 
its  action  by  adding  to  a  digest  an  amount  of  HCl  equal  to  the 
acidity  of  the  iron  sol.  It  is  inexplicable  that  their  figures  show 
no  acceleration  of  autolysis  on  this  addition  of  HCl.  They  do 
not  state  how  they  determined  what  the  acidity  of  the  hydrosol 
was,  so  that  we  have  no  means  of  judging  the  accuracy  of  their 
estimate.  It  is  interesting  to  note  that  the  ferric  hydroxide  pres- 
ent in  these  digests  does  not  inhibit  the  digestion  in  the  least. 
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This  shows  clearly  that  the  hydroxide  is  not  considerably  dis- 
solved by  the  organic  acids  present  in  the  digests,  for  if  it  were  it 
would  tend  to  maintain  the  neutraUty  of  the  mixture  and  so  pre- 
vent or  inhibit  autolysis.  Small  amoimts  of  soluble  ferric  and 
ferrous  salts  are  produced,  so  that  in  digests  carried  on  for  many 
days  or  weeks  th^ere  is  suflScient  of  the  iron  salts  to  make  the  end- 
points  in  titration  diflSicult,  and  so  cause  the  figmes  to  appear 
somewhat  higher  than  they  should  be.  Thus  in  the  long  contin- 
ued autolysis,  the  digests  containing  the  hydrosol  do  show  sUghtly 
higher  figures  if  titrated  in  the  usual  way.  If,  however,  the  iron 
is  'first  separated  by  the  addition  of  sodium  acetate  and  boiling, 
the  filtrate  titrates  exactly  like  the  control. 

Experiment  S.  Effect  of  Arsenic  Sulfide. — This  sulfide  was  found  by 
Ascoli  and  Izar  to  be  one  of  the  best  accelerators  of  liver  autolysis.  Hy- 
drosols  were  prepared  by  dissolving  arsenic  oxide  in  boiling  water.  The 
solution  was  filtered,  cooled,  and  hydrogen  sulfide  run  in  till  the  maximum 
color  developed.  This  solution  was  then  filtered  and  stabilized  either  with 
gelatin  or  with  starch.  Starch  was  found  to  be  very  effective  as  a  stabilizer, 
preventing  the  precipitation  of  the  sulfide  by  acids  and  electrolytes  unless 
of  considerable  concentration.  The  stabilizing  action  of  either  gelatin  or 
starch  would  quickly  be  eliminated  in  a  liver  digest  since  the  enzymes 
present  convert  both  of  these  colloids  to  non-colloidal  compoimds.  They 
are  useful  only  rin  preventing  precipitation  during  the  process  of  purifica- 
tion. The  sols.so  prepared  were  dialyzed  for  several  days,  and  a  stream 
of  air  was  also  blown  through  them  for  8  or  10  hours  to  remove  the  excess 
of  hydrogen  sulfide.  The  removal  of  excess  hydrogen  sulfide  is  very 
important.  A  small  amount  of  that  gas  is  sufficiently  acid  to  increase 
autolysis  quite  markedly  (Table  VI). 

TABLE  VI. 

Hydrogen  Sulfide  Gas;  Beef  Liver, 


• 

• 

Days. 

Net  gain. 

1 

0 

2 

8 

• 

Control 

ee. 

0.70 
0.70 
0.70 
0.70 

ce. 

2.80 
4.00 
4.00 
4.00 

ce. 

3.50 
5.00 

4.85 
4.80 

ec. 
2.80 

"        +  HaS  (10  sec.  bubbling) 

4.30 

"        4-  HzS  .(  2  min.        "       ) 

4.15 

"        +  HjS  (5    "            "       ) 

4.10 

We  have  found  considerable  accelerations  when  using  sols  of  arsenic 
sulfide  which  had-  been  dialyzed  only  a  few  days.  The  identical  sols  after 
more  prolonged  dialysis  still  showed  some  accelerating  action.    Arsenic 
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ulfide  slowly  hydrolyzes  in  water  to  arsenic  trioxide  and  hydrogen  sul- 
fide; so  that  the  effect  of  the  colloid  is  to  add  hydrogen  sulfide  slowly  to 
the  mixture  (Table  VII). 

TABLE  VII. 

Arsenic  Sulfide  Sol;  Beef  Liver. 


Days, 

Net  gain. 

0 

4 

• 

Control 

cc. 

0.60 
0  60 
0.60 
0  60 
0  60 
0  60 

cr. 

2.80 
3.15 
3  20 
3  30 
4.10 
5.00 

cc. 
2.20 

"        4-1  cc.  As-^Ss  sol 

2.55 

"        +      5  "    AsSa  " 

2.60 

"        +    25  "    AS2S3  "  

2.70 

"        +    50  "    AsiSj  "  

3.50 

"        +  100  "    AsiSj  "   

4  40 

It  may  be  that  the  accelerations  obtained  by  Ascoli  and  Izar 
were  due  to  the  small  remaining  acidity  and  to  hydrolysis  of  the 
sulfide.  It  is  interesting  to  not€  that  this  colloid  does  not  have 
any  apparent  effect  in  decomposing  hydrogen  peroxide,  and  is 
oxidized  only  very  slowly. 


SUMMARY. 

Following  the  methods  of  Ascoli  and  Izar  as  closely  as  pos- 
sible we  have  tried  the  efifect  of  several  hydrosols  upon  the  autoly- 
sis of  the  liver.  Where  accelerations  were  demonstrated  acidity 
could  also  be  detected,  and  in  preparations  highly  purified  by 
long  dialysis  no  accelerating  action  could  be  found. 

The  colloids  used  were  silver  sols,  colloidal  ferric  hydroxide, 
and  arsenic  sulfide,  all  of  them  reported  as  very  efifective  by  Ascoli 
and  Izar.  We  have  thus  far  failed  to  confirm  any  of  the  findings 
reported  by  these  authors. 


EXPERIMENTS   ON   CARBOHYDRATE   METABOLISM 

'  AND  DIABETES. 

III.  THE  PERMEABILITY  OF  BLOOD  CORPUSCLES  TO  SUGAR. 

By  MARY  B.  WISHART. 
(From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research,) 

(Received  for  publication,  August  9,  1920.) 

The  subject  of  the  permeability  of  the  blood  corpuscles  to 
sugar  was  re\'iewed  in  1913  by  Allen^  and  in  1917  by  Gradwohl 
and  Blaivas.^  Analyses  covering  both  plasma  and  corpuscle 
sugar  during  glucose  tolerance  tests  in  human  subjects  were 
made  by  Bailey.*  A  large  number  of  comparative  analyses  upon 
diabetic  patients  have  already  been  published.*  According  to 
some  statements  in  the  literature,  the  corpuscles  sometimes  con- 
tain little  or  no  sugar;  according  to  others,  their  sugar  content 
does  not  dififer  greatly  from  that  of  the  plasma;  and  another 
belief  has  been  that  the  corpuscles  take  up  sugar  more  slowly  and 
retain  it  longer,  so  that  their  sugar  content  is  low  in  the  early 
stages  of  hyperglycemia  but  above  that  of  the  plasma  in  the 
declining  stages.  The  preponderance  of  experience  is  that  the 
sugar  content  of  the  corpuscles  is  usually  a  little  below  that  of 
the  plasma. 

The  present  investigation  was  carried  out  as  part  of  an  inquiry* 
into  the  permeability  of  body  structures  for  sugar,  with  a  special 
view  to  any  changes  occurring  in  diabetes.  Several  other  physi- 
ological and  pathological  conditions  were  considered,   also  the 

^  Allen,  F.  M.,  Studies  concerning  glycosuria  and  diabetes,  Cambridge, 
1913,  6. 

'  Gradwohl,  R.  B.  H.,  and  Blaivas,  A.  J.,  J,  Lab,  and  Clin.  Med.,  1916-17, 
ii,  416. 

« Bailey,  C.  V.,  Arch,  Int.  Med.,  1919,  xxiii,  455. 

*  Allen,  F.  M.,  Stillman,  E.,  and  Fitz,  R.,  Total  dietary  regulation  in 
the  treatment  of  diabetes,  Monograph  of  The  Rockefeller  Institute  for 
Medical  Research,  No.  11,  New  York,  1919. 
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possible  differences  between  species  and  between  permeability 
in  vivo  and  in  vitro.  Numerous  analyses  of  the  corpuscle  mass 
after  thorough  centrifugation  were  perfonned,  but  these  were 
rejected  in  favor  of  calculations  based  on  comparative  analyses 
of  whole  biood  and  plasma.    The  method  of  analysis  was  that  of 


Normal  Dogs  Rectitnitg  Glueote  by  SUmaeh. 

DriM. 

, 

s 

4 

1 

1 

1 

1 

i 

1 

... 

atka. 

1 

1 

1 

1 

1 
1 

5 

s 
1 

1 

3 

Dog  B2-9S.    Weight  4.3  kg.    Giveo  9  gm.  glucose  per  kg.  by  stomach 
tube  in  30  per  cent  solution. 


«. 

em. 

ST,     ST. 

per 

^;, 

per 

0 

).062).079 

oxm 

3.04 

72 

32 

Blood  before  feeding. 

13 

Slight. 

).159  ).232 

).017 

13  .ew 

70 

34 

i  hr.  after        " 

5 

0.22 

).345)371 

),274 

1,35 

63 

27 

libra.   " 

14 

Faint. 

0.116p.l25 

0.086 

1.45 

45 

23 

141  "       " 

Dog  C3-22.    Weight  36  kg.    Given  15  gm.  glucose  per  kg.  by  atomMb 
tube  in  54  per  cent  solution. 


0 

0.089 

0,111 

l}.035 

3.17 

71 

29 

Blood  hefore  feeding. 
Temperature  101 .4°  F. 

16 

Faint. 

0.161 

I), 222 

0.043 

5.16 

87 

34 

)hr.  after  feeding.  Tem- 
perature 101.1°  F. 

13 

0,15 

0,147 

0.159 

0.124 

1.28 

86 

35 

Ihr.  after  feeding.  Tem- 
perature 101.0°  F. 

39 

0.63 

0.156 

I),  175 

U.122 

1.43 

85 

36 

2i  hrs.  after  feeding. 
Temperature  100.6'"  F. 

41 

0,48 

0,179 

U,208 

U-127 

1.63 

UU 

36 

3i  hrs.  after  feeding. 
Temperature  lOO.S"  F. 

Lewis  and  Benedict.^  The  reasons  for  the  usual  lack  of  strict 
agreement  between  the  analyzed  and  calculated  corpuscle  sugars 
and  for  giving  preference  to  the  latter  are  obvious.  Attention 
may  be  directed  also  to  the  necessity  of  precautions  for  complete 
precipitation  of  protein  when  dealing  with  corpuscles  or  even 

•  Lewis,  R.  C,  and  Benedict,  S.  R.,  J.  Biol.  Chem.,  1915,  xx,  61. 
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whole  blood.  Traces  of  unprecipitated  protein  may  have  an 
action  upon  either  copper  or  picric  solutions,  and  such  small 
slips  of  technique  are  probably  the  commonest  explanation  of 
results  which  show  the  sugar  concentration  in  the  corpuscles  as 
high  as  or  higher  than  that  in  the  plasma.  Even  with  the  great- 
est care  in  all  particulars,  any  long  series  will  show  occasional 


Urin*. 
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3 
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1 
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i 
1 

i 

3 

f 

5 

Dog  C&^.    Weight  14.3  kg.    Given  4  gm.  glucose  per  kg.  subcutaneously 


in  30  per 

cent  solution. 

-. 

,«. 

P" 

per 

pw 

j»r 

«V( 

0 

).096 

0.100 

0  087 

l.W 

61 

31 

Blood  before  injection. 

161 

0 

0.094 

0.O99 

0.083 

1.19 

45 

33 

18i   hrB.    after    injection. 
Fed  regular  diet. 

lit 

0 

).I3a 

i.m 

)-lU 

121 

50 

21 

261  hrB.  after  injection. 

1,279 

0 

U.llS 

0.177 

0.109 

1.07 

54 

26 

42    "        " 

Dog  C  3-36.    Weight  17  kg.    Given  6  gm.  glucose  per  kg.  intraperitone^ 
ally  and  4  gm.  per  kg.  subcutaaeously  in  30  per  cent  solution. 
Total  duration  of  injections  25  min, 


0,003 

0,1I5]0.063 

1,82 

114 

43 

Blood  before  injection. 

0286 

1.0000,160 

625 

148 

5  min.  after  end  of  in- 
jection. 

0,678 

0,143* 

122 

25  miB.- after  end  of  in- 
jection. 

*  Determined. 

discrepancies  in  the  ratio  of  corpuscle  sugar  to   plasma  sugar 
which  probably  represent  analytical  errors. 

Tables  I  and  II  show  the  results  at  various  iuter\-ais  after 
enteral  and  parenteral  doses  of  glucose  in  normal  dogs.  The 
corpuscle  sugar  is  regularly  below  that  of  the  plasma,  both  durii^ 
the  rise  and  duni^  the  decline  of  hyperglycemia;  and  sometimes, 
as  in  Dc«a  B2-98  C3-22,  the  difference  is  extreme. 
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Tables  III  to  VI  likewise  illustrate  the  effect  of  glucose  by 
stomach  or  aubcutaneously  in  dogs  depancreatized  short  of 
diabetes.  There  are  minor  differences  between  individual  dogs 
but  no  perceptible  change  of  corpuscle  permeability  due  to  the 

TABLE  III. 

Dos  Bt-eo. 
After  remov&l  ot  only  ihe  aplenJc  process  of  the  pancreas.    Weight  45  kg. 


tine 

£ 

i 

S 

a 

^ 

^ 

^ 

J 

i 

I 

= 

1 

s 

3 

i 

ffl 

D. 

o 

^ 

X 

0 

4  gm.  glucose  per  kg.  by  stomach  tube  in  30  per  cent  solution. 


-. 

em. 

per 

Vtr 

«"( 

ptr 

per 

0 

),133 

0-136 

0,127 

1,07 

40 

34 

Blood  before  feeding. 

70 

0.76 

yjix. 

)27S 

)0*2 

6.61 

52 

33 

21  hre.  after       " 

260 

0 

)im 

)  ion 

)«7:- 

1  44 

60 

32 

lOi    "       "          ■' 

35 

0 

BOSS 

1)093 

0,076 

1.22 

49 

30 

23     ' 

c  per  kg.  Bubcutaneously  in  30  per  cent  solution. 


0 

nosfi 

1)081 

0,097 

0  83 

54 

31 

Slight. 

),125 

)  135 

)  113 

lit 

96 

46 

026 

0  103 

0  143 

D,056 

2.55 

ij» 

46 

600 

cc.  0.S5  per  cent  NaCI  solution  subcutaneouely. 

0 

0. 105^0,105 

0  105 

1  00 

71 

41 

Blood  before  injection. 

45 

0 

1.117 

>,117 

)117 

l.Ol 

75 

36 

3   hrs.  after       " 

92 

0 

1  lOf 

iia-i 

\m 

I.IB 

60 

:to 

5i    ■'       " 

312 

0 

0,091 

0.110 

0.058 

1,80 

" 

37 

24      ■■       '■ 

operation.  Control  doses  of  plain  saline  also  gave  no  change. 
This  series  included  Dog  B2-01,  which  was  characterized  by  a 
noticeably  low  renal  threshold  for  sugar,*  but  the  corpuscles 
appeared  no  more  permeable  than  in  other  dogs. 


.,  and  Wiahart,  M.  B.,  J.  Biol.  Chem., 
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TAIII.E  IV. 
Dog  Bt-61 . 
r  removal  of  J  of  the  pancreas.    Weight  6  kg. 
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0 

0  105 

p  133 

0.O53 

2  51 

65 

35 

Blood  before  injection. 

56 

Faint. 

U.IOO 

[)  109 

0.080 

1.36 

91 

34 

18  hrs.   after       " 
Fed  regular  diet. 

35 

0 

J  161 

3.167 

),147 

l.li 

65 

30 

26  hrs.  after  injection. 

175 

0 

0.114 

^.117 

0,109 

1,07 

76 

39 

42    " 

TABLE  V. 

Dog  Bt-00. 
Weight  14  kg.    Depancreatis«d  not  quite  to  point  of  diabetes. 
3  gm.  glucose  per  kg.  in  30  per  cent  solution  hy  atomacb  tube. 
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1  11), 

0  07.'-. 

1 

.'57 

97 

42 

23J     ..       .. 

140 

cc.  0.85  per 

cent  NaCl  so 

ution  Bubcutaucously. 

1 

sS 

1 

■3 

4 

5 

3 

1 

1 

J 

1 
0 

II 

1 

1 

iwr«r.( 

Hremt 

ptr  r,„t 

pfT^f^l 

P'rant 

pcrcinf 

0 

0.114 

0.116 

0.110 

1.05 

m 

34 

Before  injection. 

Faint. 

0.105 

0.114 

oosr. 

1.34 

/« 

32 

1    hr.   after  injection. 

0 

O.IOO 

0.130 

0  036 

3.61 

n7 

32 

3ihrB.    " 

0 

0,128 

0.130 

0.12-2 

1,06 

.M) 

27 

6i    "       " 

0 

0.112 

0.118 

0  097 

1  21 

r« 

29 

10      ■'       " 

0 

0.100 

0.102 

0085 

1.07 

57 

29 

23J    '■       " 
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TABLE  VI, 

Dog  Bt-01. 
Weight  14  kg.    Depancreatized  not  quite  to  point  of  diabetes. 


ll 


4 

gm.  glucose 

Der  kg 

in  30 

aet  cent  solution  by  stomach  tube. 

IMraiil 

PTC- 

per  an 

VTCtnl 

ptrwi 

p.rcml 

0 

0.09C 

O.llf 

0,06f 

1,70 

109 

Bloed  before  feeding. 

Faint. 

0  171 

0.192 

ttm 

1.17 

114 

47 

1  hr.    after         " 

o.ia 

O.lOf 

0.092 

1.16 

100 

45 

3  hre.      " 

0 

O.lft^ 

0.13! 

0.07! 

1-65 

101 

50 

7    "       "            " 

0 

0.089 

0.132 

0.029 

4.55 

101 

42 

M    " 

4 

m-  g 

ucose 

per  kg 

in  30 

0099 

0,172 

0.034 

5.06 

105 

53 

Blood  before  injection. 

O.lfif 

0  244 

0.09i 

2.54 

124 

Ki 

4  hr.  after 

0.192 

0  2Af 

0.115 

2,31 

104 

49 

2    hrs. 

0.217 

0,284 

o.ia 

1.77 

107 

54 

6i    " 

'            " 

0.20f 

0  324 

o.osc 

4.05 

106 

51 

7      " 

M 

0  1« 

023C 

0,12! 

1,90 

108 

59 

91    " 

'                      " 

0.151 

0  m 

O.lOE 

in 

100 

45 

12      " 

. 

0.15E 

0.163 

0.15! 

1.08 

97 

43 

14      " 

0.100 

0  146 

0041 

3  56 

100 

44 

26      " 

" 

Dog  BS-Oa. 

Weiglit  10.5  kg.    Very  mild  diabetes. 

3  gm.  glucose  per  kg.  in  30  per  cent  solution  by  stomach  tube. 


1 

i 

i 

i 

1 
1 

i 

i 
1 

R<D»rki. 

1 

« 

s 

? 

5 

= 

5 

u. 

a 

i 

6 

p^^, 

prr 

c 

!,"., 

^. 

0 

0.154 

0  244!0  019 

12  Si 

80 

40 

Blood  before  feeding. 

4.50 

J.  196,0  270'0  08( 

3  37 

s-j 

39 

1     hr.  after 

1,85 

).  1490. 1590  13S 

l.!2 

77 

38 

2}  hrs.      " 

Very  faint. 

)  0030  112,0  062 

1.8C 

7.'i 

.T« 

4      .- 

0 

0  094]0  112  0  067 

1  67 

80 

40 

7      •'       " 
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The  same  conclusions  hold  for  the  mildly  diabetic  (Tables  VII 
and  VIII)  and  the  severely  diabetic  (Tables  IX  and  X)  dogs. 
The  last  mentioned  animal  was  found'  in  the  preceding  paper  to 
have  a  very  high  renal  threshold,  but  no  comparable  change  in 
the  permeability  of  the  corpuscles  for  sugar  was  demonstrable. 


TABLE  VIII. 

Mildly  Diabetic  Dogg  on  Slarek  Fttding. 


, 

i 

%i 

1 

1 

I 

1 

r^ 

1 

5 

1 

1 

i 

-i 

s 

5 

Dog  B2-43.    Weight  10  kg.    July  19,  1915. 


0.1890.2220.133 


Blood  before  feeding  100  g 
2  hrs,  after  feeding. 


0.1169.1250.100 
0,172  5.2170,095 


Blood  before  feeding  100  g 
3  hre.  after  feeding. 


Dog  B2-71.  Weight  14  kg. 


Before  feeding  200  gm.  rice. 
2  bra.  &fter  feeding. 


Table  X  givea  the  results  of  direct  analyses  of  the  corpuscles  in 
comparision  with  the  plasma  after  fat  feeding  in  a  severely  dia- 
betic animal.  Though  marked  lipemia  occurred,  there  was  no 
appreciable  alteration  in  the  distribution  of  sugar  between  plasma 
and  corpuscles. 
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Weight  14.7  kg. 


TABLE  IX. 
Dog  B2-79. 

Severe  diabetes.    5  gm.  glucose  per  kg.  in  80  per  cent 
solution  by  stomach  tube. 


Urine. 


9> 

B 

9 


CC. 

6 

6 

11 

11 


3 

5 


am. 

0 

Slight. 

1.33 

5.00 

5.90 


EC 

-3 


No  urine. 


17 
14 
10 
10 
12 
19 
25 
170 
95 
70 

2m 

63 

50 

125 

40 


5.90 
3.50 
2.64 
1.67 
0  53 
Faint. 


« 


0 
0 
0 
0 
0 
0 
0 
0 


per 
rent 

0.105 
0.152 
0.204 
0.222 
0.182 
0.222 
P  209 
;0  208 
jo.  228 
;0.222 
jo  200 
;0 .  165 
0.145 
]o  129 
j0.120 
|0.118 
0.119 
|0.133 
0.113 


0.100 
0.080 


u 
a) 

« 

6 
as 
OS 


ptr 
cent 

0.105 
0.182 
0.261 
0  294 
0.294 


OS 

3 
« 

« 
3 
Q. 


per 
cent 

0.105 
0.117 
0.128 
0.134 
0.078 


e: 

as 
C 


3 
«n 


S^      -s 


3 
C. 

o 


0.294,0.150 
0.234;0.186 
0.238  [0.180 
0  332,0. 143 
0.3330.106 
0.2600.149 
0.194]0.135 
0  1680.117 
0.1380.119 
0.1330.102 
0. 143^0. 083 
0.1220.100 
0.143  0.119 
0.125  0.091 
0.112,0.078 
0.0980.053 


1.00 
1.55 
2.03 
2.19 
3.77 
1.96 
1  25 
1  32 
2.32 
3.14 
1.74 
1.43 
1.43 
1.16 
1.30 
1.72 
1.07 
1.20 
1  37 
1.43 
1  84 


Hemoglobin. 

E 

3 
> 

per 
crnt 

per 

rent 

108 

47 

100 

46 

96 

43 

98 

45 

114 

52 

114 

50 

114 

52 

114 

52 

116 

55 

115 

49 

108 

54 

113 

49 

112 

45 

111 

47 

90 

42 

90 

42 

80 

39 

107 

39 

97 

35 

94 

36 

96 

40 

Remarks. 


Blood  before  injection, 
i  hr.    after 

2    hrs.     " 


3 
4 

5i 

7 

9 
10 
12i 
16 
18i 
23i 
25 
26i 
31 J 
35i 
38i 
45i 
50i 


it 
« 
ti 
it 

u 
It 
u 

t€ 
it 
tt 
tt 

u 
tt 
tt 
tt 
tt 
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The  totally  depancreatized  dog  in  Table  XI  had  a  noticeably 
high  permeabihty  of  the  corpuscles  for  sugar,  both  after  the 
operation  alone  and  after  administration  of  5  gm.  of  glucoae  per 
kilo  by  stomach.  The  ratios,  nevertheless,  varied  with  the 
usual  unexplained  irregularity,  and  there  is  no  proof  of  any  spe- 
cific alteration  due  to  pancreatectomy. 

TABLE  X. 

Dog  Bt'7B. 
Severe  diabetes.    Fat  feeding. 


I 

i 

i 

1 

1 

1 

1 

»_.. 

Oct.   7 
"     9 
"     11 
"     14 
"     16 
"    26 

Faint 
0 

0 
0 

0 

0 

0 
0 

0 
0 

0 
0 

0.182 
0.186 

0,118 
0.132 

0,136 
0.166 

0,137 
0.128 

0,l.'i7 
0  154 

0  143 
0  143 

0  076 
0,109 

0  076 
0  081 

0  081 
0  112 

0  126 
0083 

0086 
0085 

0083 
0,083 

2, 
1 

1, 
1, 

12 

ro 

56 
S3 

98 

j4 

1 

1 

r2 

Blood  before  feeding  300  gm.  lard. 
4i  hrB.  after       " 

Blood  before      "        240  gm.  miet. 
4  hre.  after 

Blood  before      "        360  gm.  auet. 
4j  hrw.  after 

Blood  before      "        600  gm.  suet. 
4  hra,  after 

Blood  before      "        100  gm.  Buet. 
51  hrs.  after       " 

Btood  before      "        230  gm.  auet. 
3  hrs.  after 

Tables  XII  to  XVIII  show  the  effect  of  exercise  in  a  series  (rf 
dogs  ranging  from  non-diabetic  to  severely  diabetic.  The  nega- 
tive effect  upon  the  permeabihty  of  the  corpuscles  to  sugar  is  in 
harmony  with  the  results  of  experiments  upon  human  diabetics.' 


'  Allen,  Stillman,  and  FJtz,'  Chapter  V. 
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TABLB  XI. 
Dog  CS-01. 
Weight  IS  kg.    Total  pancreatectomy. 


UH«. 

i 

i 

i 

J! 

1 

1 

J2 

1 

i 
1 

R>iiurki. 

1 

1 

1 

1 

5 

1 

1 

1 

1 

«. 

tm. 

sx< 

oml 

^»M 

ctnt 

S^( 

0 

Q.IOO 

D.lOO 

0.100 

1  00 

75 

34 

Blood    before    panoraa- 
tectomy. 

0,141 

0.236 

0  015(7) 

15  73 

92 

43 

30 

0.16 

0.200 

0.270 

0.103 

2  62 

105 

42 

3}  hrs.  after  operation. 

66 

1.05 

0.250 

0.270 

0,220 

1  22 

107 

40 

5 

.       .-            « 

70 

2.18 

0,238 

0,282 

0,184 

1,53 

101 

45 

71 

" 

120 

4.30 

0263 

0,365 

0,138 

264 

95 

45 

131 

"            " 

57 

2.59 

0  200 

0  227 

0.159 

1  42 

87 

40 

16 

"            " 

60 

2,00 

0  244 

0  314 

0  129 

2  43 

09 

38 

18 

.       <.            » 

110 

4.79 

0.270 

0  270 

0  270 

1,00 

93 

38 

21 

'       "            " 

113 

3.M 

0  227 

0  256  0  175 

1  46 

86 

36 

23 

.       ,<            » 

160 

SIS 

0  312 

0  408'0  125 

3.26 

82 

34 

261 

"            " 

100 

5.00 

0  334 

0  500^0  063 

7  93 

SI 

38 

201 

'       "            " 

110 

5.86;0  334 

0  400:0  206 

1  94 

80 

34 

32i 

<      ..            II 

115 

6.000,355 

0,400i0  268 

1  49 

75 

34 

381 

6  gm.  glucose  per  kg.  in  30  per  cent  solution  by  stomach  tube,  48  hre.  after 

operation. 


90  4.27 
20  1.05 
15  0.71 
50  2-78 
65  0.16 
No  urine. 


0.244.0  3580  050 

0,40o[o,364 

0,5000,160 

0.728!o  8000.636 

0.666  0  91o!n  367 

ISOJl,  3300, 880 

8001, 140J0. 140 


Blood  before  feeding. 
}  hr.  after       " 
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The  dog  in  Table  XVIII  had  not  only  severe  diabetes  and  a 
high  renal  threshold,  but  also  marked  acidosis.  It  is  thus  notice- 
able that  acidosis  had  no  demonstrable  influence  upon  the  sugar 
concentration  in  the  corpuscles. 

TABLE  Xll. 

Dog  Bi-00. 
Depancreatized  just  short  of  diabetes.    Exercise.    July  28,  1915.    Fasting. 


1 

1 

1 
J 

1 

I 
3 

1 
J 

1 

1 
1 

1 

1 
E- 
5 

Urniarks 

p.r  trm 
0.097 

0,097 
0.094 

0.105 
0  U.5 
0  102 

0.079 
0  0,57 
0  079 

1,32 
2  01 
1  29 

80 

89 
70 

31  0 
31  2 

35.0 

Blood  before  exercise. 

After  1  hr.    ot  exercise. 
"      4  hrs.  " 

Oct.  5, 

Exercise  with  3  gir 

.  glucc 

se  per  kg.  by  stomach  tube. 

1 

S 

1 
J 

\ 

11 

1 

! 
a 

,.„.... 

Vtranl 
0 

0 
0 

0,128 
0  182 
0  IM 
0  200 

0084 
0  081 
0  100 
0  109 

1,52 
2.24 
1,31 
1.83 

110 

100 
94 

430 
45  0 
38-0 
40  5 

Blood  before  feeding  and  exer- 

After  1  hr.  of  exercise  and  40 

mia,  after  feeding. 
After  1  hr.  ot  exercise  and  70 

min.  after  feeding. 
After  1  hr.  of  rest  and  2  hrs. 

after  feeding. 

In  Tables  XIX  to  XXI,  cold  had  no  perceptible  influence 
upon  the  sugar  content  of  the  corpuscles  in  non-diabetic,  mildly 
diabetic,  and  severely  diabetic  animals. 

Table  XXII  shows  the  effect  of  intravenous  glucose  injections 
in  a  small  adult  horse.     Tabic  XXIII  illustrates  starch  feeding 
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TABLE  Xril. 

Dog  BH-Ol. 
Depftnc realized  juDt  short  of  diabetes.    Em 


5 

i 

i 

Itsmirbi. 

1 

f 

1   II   ' 

i 

CD 

Fasting 

July  28,  1915. 

pfl-HHl 

pfT  etnl  ptr  ani 

ptr  «nl  per  cr-l 

0090 

0,102 

0  071 

I.4fi 

n 

.3fi,l 

Blood  before  exercise. 

0,114 

0.14i 

005f 

3.46 

7S 

U:2 

After  1  lir.    of  exorcise. 

0.119 

0.130 

0.097 

l.Jl 

60 

wo 

"       4  hra,   " 

Fasling,  July  29. 


0.102 
0.095 
0.103 

0.110 
0,100 
0,135 

0085 
0,086 
0  046 

1.29 
1.16 
2,93 

«0 
81 
73 

31  8 
36.0 
35  9 

Blood  before  exercise. 
After  2  fars.  of  exercise. 
"      resting  4  hrs. 

4gni 

.  glu 

ose  per  kg 

by  stomach  tube.    Oct.  7. 

i 

i 

i 

1 

r. 

l! 

1 

1 
1 

1 

? 

i  p- 

1 

I 

o 

6 

-  6 

= 

u 

ptretnl 

per 

p" 

p" 

prr 

«;. 

0 

0.078 

0-105 

0,046 

2.28 

113 

46,0 

Blood   before   feeding   and 

0  114 

n,i4o 

D.nsfi 

l.fR 

120 

48  0 

After   5  min.  of  exercise. 

)  13( 

),ifif 

n.09i 

\.M 

120 

49  5 

"       15    "      " 

)  101 

).125 

1,07:^ 

1.71 

119 

48  r 

Ihr.    "        " 

Slight. 

J.  125 

).147;()08^ 

1.7.'! 

111 

Doubtful. 

0.l4S0,!1ll  1  3.3 

"        1     "      "   rest. 

TABLE  XIV. 

Dog  Bt-Ot. 
Very  mild  diabetes.    July  13,  1915.    3  gm.  glucose  per  kg.  i 
solution  subcutaneously. 


f 

1 

i 

1 

i 

■a 

1 

t 
I 

i 

1 
1 
1 

,...,. 

ant 

rtni 

tmi 

ST, 

^ 

Ml 

0.63 

0.102 

0.143 

0O58 

2.46 

102 

48.3 

Blood  after  1  hr.  of  exercise  and 
before  injection. 

5.00 

]  2020  242J0. 1,54 

157 

106 

45.5 

After  2  hrs.  of  exercise. 

1.11 

).1090  119,0  095    I  2S 

KO 

41.2 

"       3     "      " 

1.00 

).0960  097j0  092l  1.05 

100 

45.  f 

..      5    „     .. 

050 

0.1330  1670  07fi  2  20 

87 

37.5 

"  8  "  "  ^'  Fed 
bread  and  soup. 

0 

)  1079  1080  105    1  03 

100 

40  0 

After  resting  all  night. 

0 

0.0960.1000  090    1   11 

100 

41  0 

"       1  hr.  of  heavy  esercifle. 

Dog  Bt-43. 
Mild  diabetes.    June  29,  1915.    Fed  100  gm.  bread. 


0.1180.1250.109 

0.1060-1180.090 
0.1850  22SiO  120 
10  091  0 


Blood   before  feeding  and   exer* 


After  i  hr.  of  hard 
"  1}  hrs.  of  rest. 
"       2!     " 


July  26  (ind  27,  Fed  50  gm.  solid  glueoee. 


CorpiucteniBK 

Without 

Withnercw. 

1,3 
1.6 
1.4 
1.3 

2.5 
1,4 
1.1 

Before  feeding  SO  gm.  glucose. 
11  hrs.  after  feeding. 
3i    "       " 
5      " 

TABLE  XVI. 

Dog  Bt-es. 
Mild  diftbetea.    Bread  feeding;  Nov.  18, 1916,  at  reit;  Nov.  19,  with  exercise. 


Pbna* 

CorpB»l« 

1 

■ 

1 

Remark,. 

a 

3 

S! 

2 

s 

s 

a 

s 

t. 

!; 

!; 

s 

S 

S 

S 

S 

ff 

p^ 

p" 

v 

s;^ 

r, 

O.Ill 

0.106 

0.059 

0.O78 

0 

0 

1.88 

1,39 

Before  feeding.  Exercise 
started. 

0.125 

)09! 

)087 

)087 

1.46 

l.Ot 

i  hr.  after  feeding. 

0.254 

0.117 

0.121 

0  077 

0 

0 

2  09 

1.52 

1  "  "  "  Exer- 
cise stopped. 

O.-M 

iiat 

uisbora 

037 

0 

2,n 

l.itt 

3  hrs.  after  feeding. 

0.272 

9.1430  143)0. 133 

0.S5 

0 

1  90 

1.07 

6    "       " 

T.ABLK  XVII. 

Dog  Bt-7B. 
Severe  diabetes.    CompariBOD  of  days  of 


and  rest,  fasting. 


1 

i 

J 

1 

J 

5 

i 

% 

- 

= 

:= 

JS 

IUr>i.rk>. 

s 

g 

1 

a 

1 

1 

a 

1 

, 

1 

SHx 

ver 

VT 

f,:, 

per 

per 

0 

0.1100. 133'0.0S3    1  Ii2 

100 

462 

Before  exercise  July  17, 1915. 

0 

). 097,0. 1000. OEM    t  1X1 

120 

49  t 

After  1  hr.  of  hard  exercise. 

0 

). 1020, 1090. 09:)|  1  17 

105 

45.3 

Before  exercise  July  23. 

0 

),0930,105|0.080    1  31 

l^S 

4!t.,'i 

After  3i  hre.  of  eitercise. 

),115|0,Ifi!>'o.n61    2  77 

110 

50  0 

Before  exercise  Sept.  25. 

0,128 

0  143 

0,111 

1 

2:, 

no 

.52  0 

After  1  hr.  of  exercise. 

Feeding  of  500  gm.  beef  lung;  Nov.  8,  at  rest;  Nov.  12,  with  exercise. 


PUen. 
Corpui 

nusiir 
eaucar 

llcniarka. 

Not,  ». 

No»,  U. 

1.2 
1,3 
1.4 
1.4 

1,6 
1,6 
1,1 
1.3 

Before  feeding  and  exercise. 
After  1  hr.    of  exercise. 

"      2  hrs.  " 

TABLE  XVllI. 

Dog  BtSO. 
Severe  diabetes  and  acidosis.    Exercise,  fasting. 


0.270,0,124   2.18    120 
id  1-J4  1.68   118 
0.2080  V29'  1.61    125 


Blood  before  exercise  July  23,  1915. 
After  2)  hra.  of  hard  exercise. 
Blood  before  exercise  July  26. 
After  1  hr.  of  hard  exercise. 


0,65  0.2910.155 

1.39 

102 

55.0   Before  exerciHe. 

0  65  0  2910.127 

2.31 

101 

56  0   After  10  min.  of  exercise. 

Cl.O      "      resting  15  hrs. 

1.67  0,3220.204 

1.5ti 

94 

1  23  0  333|o  14C 

2.38 

105 

64.5      "         ihr.    of  exercise. 

1  09  ]o  3030  187 

1.62 

101 

53.4      "       4    hrs.   "  resting. 

TABLE  XIX. 

Dog  BS-QO. 

Depancreatized  just  short  of  diabetes. 


.    i    I  It  s   1 

i  t  I  E     I         H  > 


Aug.  S,  1916.    Cold,  fasting. 


s:,  j^ 

jwr 

P"- 

0  1100.106 
0  0850  063 
0  0980.(192 

1  01 
1  35 
1  06 

85 
82 
78 

32.9 
35.7 
33  5 

0.107,0  089 
0,1250,046 
0,1120,080 

1  20 

2  72 

1,40 

74 
70 

78 

34  7 
30.7 

After  24    hrs.  i 


n  ice  box. 
"       Fed   12   hrs. 


ice  box. 
.  room  temperature. 


Sept,  20,  1915.  Cold  and  3  gm,  glucose  per  kg.  by  stomach  tube. 


0     [0,1540  071 

2,07 

107 

42 

Before  feeding  and  gcing  intc 

ice  box. 

0,2710,103 

2.4> 

KH 

46 

1  hr.    after  feeding. 

0     0  2950  125 

2.36 

100 

51 

2  hrs.     '■ 

0     0  1000  071 

1,41 

no 

44 

4     .. 

0     00980084 

i,n 

100 

47 

7    "       •' 

0     0  110,0  076 

1.45 

IIHI 

38 

19    "       " 
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and  administration  of  glucoae  subcutaneously  and  by  stomach 
in  a  goat.  Tables  XXIV  and  XXV  show  similar  experiments  in 
two  sheep.  The  distribution  of  sugar  between  plasma  and  cor-  . 
pusclea  in  these  species  is  seen  to  be  not  greatly  different  from 
that  in  the  dog. 

TABLE  XX. 

Dog  Bt-Ot. 
Very  mild  diabetea.    Cold  and  3  gm.  glucose  per  kg.  by  stomach  tube. 


i 

1 

i 

1 

a 

1 

J! 

) 

1 

R™.rk, 

1 

1 

i 
& 

1 

1 

1 

p^».. 

^i 

ml 

^1 

rtW 

0 

0  1180.095 

1.24 

no 

56  0 

Before  feeding  nnd  goi 
box. 

ng   in   ice 

Slight  +. 

)  2280.115 

1  m 

104 

54  I 

1  hr.    after  feeding. 

0 

).I15[o  073 

!..■» 

10(1 

.■54.  ( 

3  hrs.     "            " 

0 

).  100,0. 065 

l.W 

100 

522 

6     "        " 

0  120|0-100 

1.20 

105 

47  n 

23     .,        ,. 

T.\B1,E  XXI 
Dog  B2-79. 
Severe  diabetes.    Feeding  of  1  kg.  beef  lung,  Nov,  23,  1915,  : 
room,  Nov.  30  in  refrigerator. 


,..„.„,. 

CorpuKleiugir 

Pl«™..,«.r 

Nov. 

Nov. 
30. 

Nov. 

m'' 

Nov. 

m'' 

per  unf 
0  133 
0.159 

0-189 

vercent 

0.260 
0525 
0.435 

ptr  etnl 

0.108 
0.159 

0,200 
0  256 

0.250 

1,47 

1,19 

1.25 
2.05 
1.74 

Before  feeding. 

4  hra.  after  feeding. 

6    "       " 

In  the  various  preceding  experiments,  glucose  and  other  foods 
were  fed,  and  glucose  also  injected  subcutaneously  and  intra- 
venously, and  no  special  differences  of  corpuscle  permeability 
were  found  with  the  different  modes  of  administration.  Table 
XXVI  shows  the  distribution  of  sugar  between  the  plasma  and 
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corpusclee  of  sheep  blood  in  vitro  under  3  coDditions:  (a)  Glucose 
wfta  added  to  the  oxalated  blood  in  vitro,  for  observii^  its  passage 
.  into  the  corpuscles;  (6)  the  corpuscles  were  washed  with  0,85  per 
cent  NaCl  solution  and  then  suspended  in  this  solution  with  addi- 
tion of  glucose,  in  order  to  test  the  influence  of  the  saline  upon  the  ' 

TABLE  XXII. 

Normal  Pony. 
Weight  zao  kg. 


n™. 

1 

i 

1 

1 

1 

1 
I 

a 

1 

i 

1 

1 

1 

■"""'■ 

Injection  of  2  gm.  glucose  per  kg.  in  SO  per  cent  solution  intravenously. 
Nov.  11,  1917. 


D  0860.0910.084 

0.8251.2500.305 
0.446,0. 
0  3910. 
0.204  0.2860.176 
0,090,0.077 
0,O72p.O77i0,O7O 


1.08 

ptr 

76 

4.1C 

45 

2.61 

55 

l,W 

m 

1.62 

75 

1.17 

1.10 

75 

ihr. 
1)  bra. 
3J     " 


Same  do 

<e.    Nov.  20. 

0.1150.125 

0.112 

1.09 

78 

Blood  before  injection. 

), 7151. 110 

).47:i 

2  36 

62 

15    min.  after      " 

1,240 

5  05 

), 600  0.625 

).m 

1,7C 

70 

i  hr.       " 

2,725 

4.74 

).  192  0,276 

),172 

1-62 

82 

li  hrs.      " 

]. 115 0.1 IS 

).114 

1.04 

79 

2i     "       " 

640 

2.15 

0.0640.056 

0.066 

0.08 

m 

4t    "       " 

permeability;  (c)  the  oxalated  blood  was  diluted  with  the  salt 
solution,  so  as  to  lower  the  concentration  of  sugar  in  the  plasma 
and  observe  the  passage  of  sugar  out  of  the  corpuscles.  With 
reference  to  (b),  the  experiment  of  October  21  indicates  that  the 
salt  solution  altered  the  corpuscles  in  such  a  way  as  to  cause  them 
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TABLE  XXItl. 

Goat  1. 

Nonnal. 


Fed  pan  of  o&ts. 
6  hrfl.  after  feeding. 


Apr.  11 

11.00  a.m. 

0,047 

0  068 

0  012 

5.66 

37.7 

12,30   p.m.     Given 
ouslylOgm,  ghic 
cent  solution. 

aubeutane- 
nse  in  10  per 

1,30  p.m. 

).0W 

J,  1)92 

.),oa 

■A'£f 

Sfl-H 

1  hr.    after  injectifi 

n. 

3.30     " 

joe2 

),07f 

102t 

2M 

32,5 

3  hrs.     " 

8.00     " 

0.056 

0.069|0  033 

2,09 

36.0 

2,45  p,m. 

0  002 

0,098 

0,024 

408 

49.1 

Given  by  stumach  tube  lOO  ffA 
glucose  in  30  per  cent  solu- 
tion. 

3.45     " 

)  07910. Offi 

).04( 

2.1:1 

36,t 

4.45    " 

]  0560,085 

JOOg:  9  4^ 

:m.5 

6,00    " 

].0630.08f 

3  Oiel  5  5C 

35  r 

8,00     " 

0  M9 

0  056 

0  036 

1.44 

41,2 

12.30  p.Ii 
1. 43  " 
3.30    " 


0,097 
0,145 
0.119 

0  130 
0  0S9 


0.137  0 
0,1610,126 
0,152  0  071 


\M 

1.98 

1.2t. 

W,.> 

2  13 

41,0 

1  05 

42.3 

3  03 

55.5 

Given  by  stomach  tube  300  gm. 
glucose  in  10  per  cent  aolu- 


Urine  98  cc.    Jr^ugnr  =  2.71  per 
Irine  22  ec.     Sugar  -  6.05  per 


TABLE  XXIV. 

Normal. 


1 

i 
1 

1 

1 

1 

1 

1 

1 

1 

R»m»rki. 

D      Blood  before  feeding  oats  and  hay. 

9     I  6  hre.  after  feeding 

Sept.  20. 


0  071 

0096 

0050 

1,92 

55 

Blood  before  Injecting  350  CG.  S  per 
oualy. 

0.133 

o.m 

0.083 

2.10 

48 

3    hrs,  after  injection. 

0.125 

O.IM 

0  093 

l.flti 

48 

51 

0,067 
0,054 

0,054 

0069 
0066 

0.055 

0,065 
0041 
0053 

1.06 
1,61 
l.IH 

57 
49 
54 

Blood  before  feeding  20  gin.  ghicose. 
5  hrs.  after  feeding. 
0     "       "   . 

0.065 

0.071 

0,060 

0.065 

U.06t 

0.060 

0.077 

0.080 

0  072 

Blood  before  feeding  50  gm.  gluc< 
4    hrs.  after  feeding. 


0.067 

0.078 

0.054 

1  44 

46 

^lood  before  injecting  20  gm.  glucose 
subcutancoualy. 

0.161 

O.liSU 

0.09fi 

2  52 

m 

31  hrs.  after  injection. 

0.053 

0  072 

0  016 

4  50 

34 

6)     "      " 

0,071 

0.079 

0  046 

1.72 

Blood  before  injecting  20  gm.  glucose 
aubcutaneousiy. 

0-079 

0.102 

0.055 

1.85 

3    hre.  after  injection. 

0.059 

0.076 

0,049 

1,55 

5i     "      " 

0.076 

0.076 

0  076 

1.00 

Blood  before  injecting  60  gm.  glucose 
Bubcutaneouely. 

0.131 

0.2(H 

0.081 

2.52 

31  hrs.  after  injection. 

0.072 

0.088 

0  055 

1.60 

6      "      " 
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to  contain  less  sugar.  The  result  on  November  14  was  similar 
but  less  marked.  The  results  under  (a)  and  (c)  showed  the 
usual  variability  but  on  the  whole  resembled  those  in  vivo,  the 
corpuscle  sug^r  concentration  always  nmning  more  or  less  below 
that  of  the  plasma. 

TABLE  XXV. 

Sheep  f . 
Normal. 


it 
E 


I 

I 


(8 

a 


(^ 


& 
6 


M 


a 


a 

9 
> 


o 
O 


Remarks. 


Sept.  25,  1917. 


per 

cent 

per 
cent 

per 
cent 

per 
cent 

11.00  a.m. 

0.064 

0.062 

0.043 

1.44 

43  3 

Fed  50  gm.  glucose. 

12.00  m. 

0.057 

0.069 

0.039 

1.74 

40.3 

1  hr.    after  feeding. 

2.00  p.m. 

0.058 

0.074 

0.037 

2.00 

43.4 

3hr8.     " 

4.00    " 

0.058 

0.056 

0.060 

0.93 

49.3 

5     "       " 

Oct.  22. 


11.30  a.m. 
4.30  p.m. 


0.051 
0.070 


0.100 
0.085 


0.037 
0.054 


2.70 
1.57 


48.0 


Fed  20  gm.  glucose. 
5  hrs.  after  feeding. 


Oct.  23. 


11.00  a.m. 
3.00  p.m. 
5.00    " 

0  079 
0.076 
0.062 

0.112 
0.112 
0.074 

0.031 
0.017 
0.050 

3.61 
6.58 
1.48 

41.1 
37.8 
38.3 

Fed  100  gm.  glucose. 
4  hrs.  after  feeding. 

Dec.  28. 


9.00  a.m. 

0.085 

0.093 

0.081 

1.15 

67.4 

9.15    a.m.      Given    subcutane- 
ously  43  gm.  glucose  in  12.5 
per  cent  solution. 

10.16    " 

0.147 

0.332 

0.050 

6.66 

65.7 

1  hr.    after  injection. 

11.15     " 

0.303 

0.436 

0.215 

2.02 

60.0 

2  hrs.     "             " 

12.15  p.m. 

0.286 

0.416 

0.222 

1.87 

67.2 

Q         «             it                           tt 

2.15     " 

0.218 

0.370 

0.094 

4.15 

55.2 

5     "       "              " 
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No  attempt  was  made  to  determine  the  time  required  for  pas- 
sage of  sugar  into  or  out  of  the  corpuscles  tn  vivo  or  in  vitro,  but 
essentially  the  same  ratios  of  distribution  were  found  when  the 

TABLE  XXVI. 

Penneabiiily  of  Sheep  CorpuicUa  m  Vitro. 


1 

1 

i 

Cofp 

ukIs 

1 

a 

1 

1 

1 

1 

^ 

1 

3 

1 

< 

i 

i 

1 

1 

Sept. 

18,  1918. 

™i 

ctnt 

pw 

pw 

).072 

1.065 

).0M 

1.1 

60 

D.SJO 

D,88U 

\).m) 

1.0 

55 

To  the  remainuig  blood  a 
pinch  of  glucose  was 
added  and  allowed  to 
stand  at  room  tempera- 
ture I  hr. 


To  the  remaining  blood 
0.1  gm.  glucose'  was 
added  and  blood  al- 
lowed to  stand  at  room 
temperature  2  hrs. 

CorpuBcles  of  the  10.30 
a.m.  blood  centrifuged, 
■washed  with  salt  solu- 
tion, then  made  to  10 
cc.  with  salt  solution; 
0.1  gm.  glucose  added 
and  allowed  to  stand  at 
room  temperature  2  hrs. 

Blood  taken  4 J  brs.  after 
subcutaneous  injection 
of  50  gm.  glucose.  Re- 
maining blood  diluted 
i  with  salt  solution  and 
allowed  to  stand  1  hr. 
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TABLE  XXM— Concluded. 


per 

iwr 

ant 

pw 

fwr 

11.30  a.m. 
1.30  p.m. 

0.065 
2.00 

0.132 

2.78 

0,065 

1,35 

0.056 
1.41 

2.0 
2.1 

53 
57 

To  the  remaining  blood 
0.1  gm.  glucose  added 
and  allowed  to  stand  2 
fare,  ftt  room  tempera- 
ture. 

1.30    " 

2,00 

2.78 

0,835 

1.05 

3.3 

Si 

CorpuBcleH  of  11.30  a.m. 
centrifuged  and  washed 
with  Btlt  solution,  made 
to  10  CO.  with  Bait  bo- 
iution,  and  0.1  gm.  glu- 
cose added. 

3.00    " 

0.169 

0.217 

0,062 

0.122 

3.5 

61 

ous  injection  of  50  gm. 
glucose. 

3.30    " 

0.077 

D-140 

0  055 

2.7 

31 

Remaining  blood  diluted 
i  with  salt  solution  and 
allowed  to  stand  i  hr. 

4.00    " 

0.114 

0.118 

0.056 

0  106 

2,1 

34 

Blood  diluted  i  with  salt 
Bolution  after  standing 
1  hr. 

intervals  between  analyses  were  5  to  30  minutes,  as  in  Tables 
IX,  XI,  and  XXII,  or  several  hours  as  in  other  tables.  The 
observations  suggest  that  the  distribution  of  sugar  lietween 
plasma  and  corpuscles  is  governed  not  by  permeability  in  any 
proper  sense  but  by  a  coefficient  nf  solubility  between  the  two 
media. 
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CONCLUSIONS. 

1.  No  specific  alteration  of  the  distribution  of  sugar  between 
the  blood  plasma  and  corpuscles  was  found  in  experiments  with 
different  quantities  and-  modes  of  administration  of  glucose, 
different  degrees  of  pancreatectomy  and  diabetes,  lipemia,  aci- 
dosis, exercise,  cold,  or  different  levels  of  the  renal  threshold. 

2.  The  concentration  of  sugar  in  the  corpuscles  is  normally  a 
little  below  that  in  the  plasma.  The  discrepancy  in  favor  of 
the  plasma  generally  becomes  greater  as  the  blood  sugar  rises. 
These  relations  hold  good  in  the  several  animal  species  exam- 
ined, and  in  experiments  in  vivo  and  in  vitro.  The  statement 
that  in  the  declining  stage  of  hyperglycemia  the  corpuscles  retain 
sugar  longer  than  the  plasma  was  not  confirmed.  The  concen- 
tration in  the  corpuscles  rarely  equals  that  in  the  plasma,  and  the 
finding  of  an  excess  in  the  corpuscles  is  probably  to  be  interpreted 
as  an  analytical  error. 

3.  The  term  permeability  as  conunonly  used  in  relation  to  the 
sugar  content  of  the  corpuscles  carries  the  idea  that  this  is  gov- 
erned by  a  partially  permeable  membrane  surrounding  the  cor- 
puscle, and  further  that  the  solubility  of  glucose  in  the  corpuscle 
substance  is  the  same  as  in  the  plasma.  This  conception  of 
permeability  has  received  support  from  the  assertions  that  the 
corpuscles  take  up  and  give  off  sugar  more  slowly  than  the  plasma. 
It  may  possibly  derive  some  support  from  the  fact  that  washing 
in  physiological  salt  solution  changes  the  corpuscles  in  such  a 
way  that  they  take  up  less  sugar,  as  reported  by  former  authors. 
In  view  of  the  almost  uniformly  lower  concentration  in  the  cor- 
puscles, however,  and  the  quickness  of  adjustment  on  this  basis 
whether  the  blood  sugar  rises  or  falls,  it  seems  a  more  probable 
assumption  that  the  coefficient  of  distribution  depends  upon 
solubility,  glucose  being  more  freely  soluble  in  the  plasma  than 
in  the  corpuscle  substance,  perhaps  because  of  the  lipoid  content 
of  the  latter. 

4.  Inasmuch  as  the  sugar  content  of  the  corpuscles  is  subject 
to  considerable  irregularities  from  unknown  causes  and  without 
known  physiological  significance,  plasma  analyses  should  be 
preferred  to  those  of  whole  blood  for  experimental  and  clinical 
purposes. 


THE   ANTISCORBUTIC   CONTENT   OF   CERTAIN   BODY 

TISSUES  OF  THE  RAT. 

THE  PERSISTENCE  OF  THE  ANTISCORBUTIC  SUBSTANCE  IN  THE 
LIVER  OF  THE  RAT  AFTER  LONG  INTERVALS  ON  A 

SCORBUTIC  DIET. 

By  HELEN  T.  PARSONS. 

{From  the  Department  of  Chemical  Hygiene^  School  of  Hygiene  and  Public 
Health f  the  Johns  Hopkins  University j  Baltimore.) 

(Received  for  publication,  September  23,  1920.) 

One  of  the  most  striking  features  of  the  need  of  the  animal 
organism  for  the  group  of  unidentified  food  factors  is  the  great 
dissimilarity  which  certain  animals  exhibit  in  their  requirements 
as  contrasted  with  the  great  similarity  existing  among  others 
even  more  widely  separated  in  the  biological  classification.  For 
example  the  guinea  pig  and  the  monkey  have  closely  similar  re- 
quirements for  the  antiscorbutic  substance.  On  the  other  hand 
the  two  rodents,  the  guinea  pig  and  the  rat,  differ  most  remarkably 
in  this  regard.  A  discrepancy  of  this  kind  cannot  but  challenge 
investigation,  because  any  light  which  may  be  shed  upon  the  mat- 
ter may  eventually  offer  a  clue  as  to  the  nature  of  the  function 
of  the  unidentified  dietary  essentials  in  animal  nutrition,  and 
since  one  of  the  main  objects  of  animal  experimental  feeding  is  to 
obtain  a  basis  for  judging  the  nutritive  requirements  of  other  spe- 
cies with  which  experiments  are  not  so  easily  conducted,  an 
understanding  of  any  such  pronounced  differences  in  requirements 
as  this  is  certainly  to  be  desired.  Several  possibiUties  suggest 
themselves  to  explain  the  phenomenon.  The  antiscorbutic  sub- 
stance may  be  normally  absent  from  the  tissues  of  the  rat,  because 
the  rat  may  not  need  this  substance  for  the  normal  functioning 
of  its  body.  The  rat  may  require  antiscorbutic  substance,  but 
be  capable  of  synthesizing  it.  The  antiscorbutic  substance  may 
pass  into  a  modified  form  in  foods  on  ageing,  dr3dng,  etc.  and  this 
form  may  not  be  utilizable  by  the  guinea  pig  but  be  utilized  by 
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the  rat.  The  rat^s  requirement  for  antiscorbutic  substance  may 
be  strikingly  low.  The  rat's  requirement  for  antiscorbutic  sub- 
stance may  approximate  that  of  the  guinea  pig  from  the  stand- 
point of  metabolism,  but  there  may  be  less  waste  of  the  substance 
due  to  a  different  rate  of  excretion,  etc. 

The  problem  has  been  approached  by  Harden  and  Zilva  (1) 
and  by  Dnmimond  (2)  from  the  standpoint  of  the  susceptibility 
of  the  rat  to  an  antiscorbutic  deficiency  as  exhibited  by  differences 
in  growth  when  an  antiscorbutic  food  was  added  to,  or  w^ithheld 
from,  a  purified  ration.  Distinct  differences  were  noted  in  favor 
of  the  rats  given  the  antiscorbutic  food  and  Drummond  concludes: 

"It  may  therefore  be  accepted  as  experimentally  proven  that  the  dietary 
requirements  of  the  higher  animals  include  in  addition  to  a  satisfactorily 
balanced  ration  of  proteins,  fats,  carbohydrate  and  mineral  salts,  an  ade- 
quate supply  of  three  accessory  factors:  (1)  fat-soluble  A,  (2)  water-soluble 
B,  or  antineuritic  factor,  (3)  water-soluble  C  or  antiscorbutic  factor." 

The  following  ration  is  one  fed  to  rats  by  McCoUum  and 
Davis  (3). 

Ration  22S  B 

per  cent 

Wheat. 64.0 

Casein 13.4 

Dextrin 12.8 

Salt  mixture 4.8 

Butter  fat 5.0 

It  wull  be  observed  that  this  ration  is  closely  similar  in  its  con- 
stituents to  the  purified  rations  of  Harden  and  Zilva  and  Drum- 
mond except  that  the  antineuritic  factor  is  furnished  by  64  per 
cent  of  wheat  instead  of  by  the  yeast.  Small  amounts  of  the  other 
dietary  essentials  furnished  by  the  remaining  purified  constitu- 
ents of  this  ration,  are  also  furnished  by  the  wheat.  Fully  as 
excellent  growth  was  obtained  in  rats  by  feeding  this  ration  as  by 
the  use  of  the  purified  rations  to  which  antiscorbutic  food  was 
added.  Reproduction  was  also  excellent.  It  is  necessary,  there- 
fore, to  assume  either  that  64  per  cent  of  wheat  in  this  ration 
supplied  the  rat's  antiscorbutic  requirement  as  completely  as  the 
orange  juice  or  the  treated  lemon  juice  in  the  other  diets;  or 
that  some  other  essential  in  the  diet  was  supplied  by  or  improved 
by  the  wheat  addition.    Until  it  can  be  proved  that  every  indi- 
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vidual  factor  in  the  purified  rations  used  by  Harden  and  Zilva  and 
by  Drummond  are  optimum  in  kind  and  amount  except  the  anti- 
scorbutic factor,  there  may  still  be  some  room  for  doubt  whether 
the  improvement  resulting  from  the  addition  of  fairly  large 
amounts  of  complex  mixtures  such  as  orange  juice  and  treated 
lemon  juice  is  in  reaUty  due  to  its  antiscorbutic  content. 

Plan  of  the  Experiment, 

The  present  investigation  was  planned  to  approach  the  problem 
from  the  standpoint  of  determining  the  antiscorbutic  content  of 
the  rat's  body  tissues,  (1)  when  a  typical  scurvy  diet  was  fed  to 
the  rat,  (2)  when  the  diet  was  high  in  antiscorbutic  substance.  It 
was  planned  to  test  the  antiscorbutic  content  by  feeding  the  rat 
tissues  or  extracts  of  the  tissues  to  guinea  pigs  on  a  scorbutic 
diet.  Investigators  (4,  5)  had  reported  negative  results  in  obtain- 
ing any  beneficial  effect  when  meat  juice  was  fed  to  guinea  pigs, 
so  that  presumably  the  rat  muscle  tissue  might  be  indecisive  for 
the  test.  The  amount  of  this  factor  in  body  organs  was  appar- 
ently not  so  well  estabhshed.  A  few  preliminary  experiments 
were  therefore  run  with  beef  liver  and  pig  liver,  and  the  relatively 
high  content  of  these  tissues  in  the  antiscorbutic  factor  gave  prom- 
ise that  the  rat  liver  would  prove  suitable  for  the  experiment. 
The  rat  muscle  tissue  was  included  in  the  experiment,  however, 
because  in  the  negative  experiments  reported  by  others  the  fresh- 
ness of  the  meat  was  apparently  not  insured,  and  it  was  thought 
that  since  ageing  plays  such  an  important  part  in  the  destruction 
of  the  antiscorbutic  substance  under  certain  conditions,  this  fac- 
tor alone  might  account  for  the  discrepancy  of  results  between 
guinea  pig  experiments  and  the  experience  of  explorers  and  sol- 
diers (4,  6,  7).  Also  there  was  a  possibility  that  if  the  presence 
of  the  antiscorbutic  factor  in  muscle  was  demonstrated  there  might 
be  a  more  pronounced  difference  between  the  two  sets  of  rats  in 
regard  to  the  amount  contained  in  the  muscle  than  in  the  case  of 
an  organ  usually  containing  a  larger  amount.  Since  it  was  easy 
to  obtain  fresh  fish  in  the  local  market  it  was  thought  to  be  of 
interest  to  feed  fish  muscle  at  the  same  level  of  intake.  In  testing 
for  the  antiscorbutic  factor  by  means  of  guinea  pig  feeding  it  is 
more  nearly  satisfactory  to  add  the  material  to  be  tested  to  the 
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scorbutic  diet  from  the  beginning  of  the  experiment  and  to  deter- 
mine its  eflfectiveness  in  preventing  scurvy  than  to  try  to  over- 
come it  after  the  syndrome  has  developed.  This,  however, 
requires  so  much  material,  except  in  instances  where  the  anti- 
scoriMitic  substance  is  practically  absent,  that  in  the  present  inves- 
tigation it  was  thought  necessary  to  test  the  material  by  deter- 
mining its  eflfectiveness  in  curing  the  symptoms  of  scurvy  in  the 
guinea  pig.  An  arbitrary  standard  of  15  days  of  feeding  the 
material  to  be  tested  was  adopted,  as  this  had  been  foimd  sufficient 
to  insure  the  disappearance  of  signs  of  scurvy  when  sufficient 
amounts  of  pig  liver  were  fed.  In  some  instances  treatment  dur- 
ing this  full  time  interval  was  not  adhered  to  because  of  the  lim- 
ited amount  of  material. 

Produciian  of  Experimental  Rats. 

Young  rats  about  one-third  grown  were  selected  and  fed  for  a 
period  of  from  213  to  247  days  (depending  on  the  time  of  using 
the  individual  rat  for  the  experiment)  on  a  soy  bean  ration  simi- 
lar to  that  employed  by  Cohen  and  Mendel  (8)  and  later  modified 
by  Givens  and  Cohen  (9). 

Scorbutic  Ration  7. 

per  cent 

Cooked  soy  bean  meal 76 .0 

NaCl 3.0 

Ca  lactate 3.0 

Dried  yeast 3.0 

Butter  fat 5.0 

Dried  skimmed  milk 8.0 

Filter  paper 2.0 

This  ration  was  selected  because  it  was  desired  to  use  one  which 
was  adequate  for  the  nutritive  requirements  of  the  rat  over  long 
periods  of  time,  and  which  at  the  same  time  was  a  satisfactory 
diet  on  which  to  produce  scurvy  in  the  guinea  pig.  Guinea  pigs 
refuse  to  consume  a  satisfactory  amount  of  many  of  the  complex 
rations  on  which  the  rat  thrives,  so  that  the  range  of  suitable 
scurvy-producing  diets  for  use  in  guinea  pig  feeding  is  therefore 
narrowed.  During  136  days  of  the  feeding  period  13  per  cent  of 
milk  solids  was  incorporated  in  the  ration.  8  per  cent  of  dried 
skimmed  milk  was  used,  together  with  5  per  cent  of  butter  fat  to 
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replace  the  fresh  milk  used  by  these  investigators.  Attempts  to 
autoclave  the  dried  milk  resulted  in  such  a  degree  of  carameli- 
zation  that  this  treatment  was  abandoned.  During  38  days  at 
the  beginning,  and  from  39  to  73  days  at  the  end  of  the  .experi- 
ment (the  variation  due  to  the  time  of  kilUng  the  animals) »- the 
dried  milk  was  left  out  of  the  ration  altogether,  and  replaced 
by  an  equivalent  amoimt  of  soy  bean  meal  to  eliminate  the  slight 
source  of  antiscorbutic  substance  in  the  dried  milk. 

Scorbutic  Ration  II    (Ration  I  without, Dried  Milk), 

per  cent 

Cooked  soy  bean  meal 84.0 

NaCl 3.0 

Ca  lactate 3.0 

Dried  yeast 3.0 

Butter  fat 5  0 

Filter  paper 2.0 

Production  of  Control  Rats. 

The  control  set  of  rats  were  full  grown,  vigorous  rats  which  had 
been  discarded  from  various  experimental  rations  in  the  rat  col- 
ony, and  for  a  period  of  18  days  were  fed  a  stock  ration  with  5  cc. 
of  orange  juice  per  rat  per  day  together  with  a  water  extract  of 
the  peel  of  oranges,  added  to  the  drinking  water. 

Feeding  of  Guinea  Pigs. 

Except  in  the  cases  where  it  was  known  that  the  guinea  pigs  had 
been  fed  on  an  abundance  of  succulent  food  immediately  previous 
to  the  experiment  they  were  given  orange  juice  for  a  preUminary 
period  of  2  days.  A  longer  period  was  not  deemed  necessary 
since  it  was  intended  to  produce  scurvy  in  the  guinea  pig  as  a 
preliminary  to  testing  the  rat  tissues.  Scorbutic  Ration  II, 
described  above,  was  used  as  the  basal  experimental  diet.  It  had 
been  found  with  many  experiments  with  these  soy  bean  rations 
that  when  the  soy  bean  meal  is  heated  just  enough  to  destroy  the 
raw  taste  but  not  enough  to  brown  the  product  markedly,  the 
ration  was  eaten  greedily  by  the  guinea  pig,  but  it  was  found  that 
even  though  the  autoclave  pressure  and  length  of  time  of  heat- 
ing given  by  Cohen  and  Mendel  were  strictly  adhered  to,  the 
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results  could  be  made  to  vary  from  this  standard  of  cooking  accept- 
able to  the  guinea  pig  palate,  merely  by  varying  the  amount 
of  meal  that  was  put  into  the  autoclave  at  one  time,  or  the 
surface  exposed,  as  in  flat  containers.  This  may  account  for  some 
unsatisfactory  results  that  have  been  reported  by  investigators 
•  when  using  this  ration.^  With  this  proper  degree  of  cooking 
always  maintained  the  ration  is  eaten  so  greedily  that  the  growth 
curves  become  a  very  helpful  index  of  the  degree  of  scurvy  in  the 
animal,  for  the  stationary  or  declining  weight  of  the  animal  is 
often  the  first  warning  of  the  onset  of  the  syndrome  and  improve- 
ment in  the  symptoms  of  scurvy  is  nearly  uniformly  accompanied 
by  an  improvement  in  the  curve  of  growth,  the  correlation  of  the 
two  probably  not  depending  upon  any  hypothetical  growth- 
promoting  properties  of  the  antiscorbutic,  but  upon  the  fact  that 
the  guinea  pig  ceases  to  eat  this  ration  when  the  symptoms  of 
scurvy  make  eating  painful  and  resumes  eating  promptly  when 
the  Symptoms  subside. 

Preparation  of  Material. 

The  rats  were  killed  by  chloroforming,  the  day  the  tissues  were 
used  for  feeding.  The  muscles  used  were  those  easily  removed 
from  legs  and  back.  In  order  to  make  the  most  economical  use 
of  the  material  and  feed  it  at  a  high  average  level,  it  was  neces- 
sary for  the  amount  of  muscle  used  to  vary  somewhat  from  day 
to  day,  since  the  rats  were  not  of  uniform  size.  The  muscle  was 
reduced  to  a  fine  pulp  with  shears  and  extracted  with  distilled 
water  for  3  hours  by  standing  at  room  temperature.  The  residue 
from  this  was  extracted  again  with  distilled  water  for  approxi- 
mately 22  hours  by  standing  at  ice  box  temperature.  The  quan- 
tity of  water  used  was  two-thirds  the  weight  of  the  portion  of 
muscle  except  in  the  case  of  the  two  highest  levels  of  feeding  mus- 
cle, where  it  was  found  necessary  to  reduce  this  quantity  on  cer- 
tain days  with  a  variation  in  the  capacity  of  the  guinea  pig  to 
consume  these  large  amoimts.  In  the  case  of  the  butterfish,  as 
much  of  the  muscle  as  possible  w^  removed  from  the  bones,  35 
gm.  of  this  were  weighed  out,  and  an  extract  was  made  similar 

^  Personal  communication. 
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to  that  of  the  rat  muscle.  These  water  extracta  were  fed  by 
means  of  a  glass  syringe. 

The  given  portions  of  the  rat  livers  were  weighed  and  rubbed 
through  a  wire  sieve.  This  paste  diluted  somewhat  with  water 
could  be  readily  fed  from  a  glass  syringe  having  a  large  opening. 
At  times  when  the  symptoms  of  scurvy  in  the  guinea  pigs  were 
most  severe  it  was  necessary  to  strain  out  particles  of  the  con- 
nective tissue  with  cheese-cloth  as  the  least  attempt  at  chewing 
appeared  to  produce  much  pain  and  a  dieincUnation  to  take  the 
material  offered. 

The  results  of  the  experiments  are  recorded  in  Table  I  and 
Charts  I  to  VI. 
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CuABT  I.  The  beneficial  effects  of  feeding  pig  liver '(Period  2)  at  iuffi- 
dently  high  levels  to  guinea  pigs  suffering  from  scurvy  are  shown.  No. 
6  on  10  gm.  of  liver  per  day  made  a  complete  recovery,  but  although 
improvemeat  in  the  symptoms  of  scurvy  of  Nu.  6  was  noted,  apparently 
6  gm.  were  not  sufficient  to  insure  the  disappearance  of  the  symptomB 
of  scurvy  in  this  time.  The  condition  of  scurvy  in  No.  6  was  more  severe 
than  in  No.  5,  however,  when  the  feeding  of  liver  was  begun.  Although 
the  pig  liver  was  said  to  be  fresh  and  not  a  cold  storage  product,  the 
eitact  time  that  had  elapsed  since  the  killing  of  the  animal  could  not  be 
Mcertained. 
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Chart  II.  This  chart  shows  the  beneficial  effeota  (Periods  2  and  3)  of 
feeding  the  livers  of  rate  that  had  been  fed  a  typical  scurvy  diet.  In  each 
of  the  three  guinea  pigs  the  eymptoms  of  scurvy  were  severe  and  the 
recovery  very  rapid  and  marked.  lo  the  case  of  No.  20,  the  kidney  and 
spleen  of  the  rat  were  included  with  the  liver  to  make  the  plane  of  intake 
higher,  as  it  waa  very  uncertain  that  there  would  be  any  considerable 
amount  of  the  antiscorbutic  substance  in  the  tissues  of  the  rats  fed  a 
diet  in  which  it  wa«  so  low.  Towards  the  end  of  the  experiment  small 
rata  were  used  and  it  was  necesaary  to  feed  the  organs  of  two  rata  instead 
of  one  on  each  alternate  day  to  make  the  intake  average  18  gm.  daily. 
This  high  feeding  on  every  other  day  produced  on  the  last  day  o  the 
experiment  a  digestive  upset  in  the  guinea  pig  with  diarrhea,  lose  of  appe- 
tite, and  rapid  loss  in  weight.  No  traces  of  scurvy  appeared  on  autopsy, 
however,  so  that  the  symptoms  had  no  relation  to  a  condition  of  scurvy. 
Owing  to  the  limited  amount  of  material,  No.  33  was  fed  liver  for  only  11 
days.  On  autopsy  slight  traces  of  the  scurvy  condition  were  still  present. 
These  would  undoubtedly  have  disappeared  in  4  more  days  of  feeding  aa 
completely  as  in  No.  31  which  received  10  gm.  for  4  days  and  5  gm.  for  the 
remaining  11  days.  Apparently  5  gm.  of  this  liver  per  day  waa  not  the 
n  amount  which  would  cure  scurvy  in  the  guinea  pig. 
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Ghabt  III.  The  diet  of  these  guiaea  pigs  and  those  in  Chart  II  are 
■imiUr  except  that  in  Chart  III  the  rata  supplying  the  livers  which  were 
added  during  Period  2  were  fed  a  large  amount  of  antiscorbutic  material 
in  the  form  of  orange  juice  for  a  period  of  18  days  preTious  to  the  expcoi- 
ment.  A  complete  recovery  was  made  in  the  case  of  both  these  guinea 
pigs  but  the  recovery  eeemed  to  be  somewhat  slower  in  No.  34.  Apparently 
8  gm.  of  this  liver  a  day  is  nearly  the  minimum  amount  which  will  produce 
a  cure  in  this  length  of  time.  Compare  these  animals  with  those  in  Chftrt 
II  where  the  rats  supplying  the  livers  had  been  fed  the  Bcorbutie  soy  bean 
rations. 
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Cbabt  IV.  This  chart  illustrates  the  negative  results  in  feeding  guinea 
pigs  water  extract  of  the  muscle  of  rats  fed  the  soy  bean  diet.  No.  21 
was  not  benefited  by  5  days  of  feeding  this  extract  and  was  so  weak  and 
helpless  at  the  end  of  this  time  that  it  took  the  extract  with  difficulty. 
An  attempt  was  made  to  revive  it  by  feeding  pig  liver  but  this  failed  and 
it  died  with  severe  scurvy. 

No  symptoms  of  scurvy  had  been  observed  when  the  feeding  of  No.  36 
with  this  same  water  extract  of  muscle  was  begun,  but  these  developed  a 
few  days  later,  and  the  guinea  pig  showed  severe  scurvy  on  autopsy.  It 
was  not  possible  to  feed  the  muscle  extract  to  this  guinea  pig  at  the  same 
high  level  of  intake  as  to  No.  24  (Chart  V),  as  it  did  not  cooperate  well  in 
taking  such  large  quantities. 
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Chart  V.  This  chart  illustratee  the  effect  of  feeding  a  guinea  pig  water 
extract  of  muscle  from  a  rat  which  had  received  orange  juice.  During  the 
7  daya  it  was  fed  approxiinately  the  same  level  of  intake  that  Nob,  21  and 
26  received  (Chart  IV) ;  the  symptoms  of  scurvy  grew  steadily  worse  until 
the  guinea  pig  was  in  a  most  miserable  condition.  However,  it  took  the 
extract  greedily  so  that  it  was  possible  to  increase  the  amount  fed.  When 
the  intake  reached  the  equivalent  of  65  to  95  gm.  a  day  the  symptoms 
improved,  and  the  guinea  pig  was  active  and  sleek  when  chloroformed. 
On  autopsy,  however,  signs  of  scurvy  were  still  present.  Compare  this 
chart  with  Chart  IV. 


i 

FED 

"of 

BUT 

t  CATION  0  iv/r 

flDDITlOU 

" 

mT 

BEX 

It 

F   B 

rr£ 

R 

50 

FfilO 

)    2. 

W 

TEA 

cxr 

icir 

^55 

^(»fl 

Mi 

200 

lao 

'/ 

K 

f 

> 

2, 

i 

/ 

^ 

> 

\ 

^ 

JO 

J 

— 1 

J 

Chart  VI.  For  purpose  of  comparison  the  water  extract  of  fresh  fish 
muscle  was  fed  to  this  guinea  pig  at  the  same  level  at  which  extract  of  rat 
muscle  was  fed  to  No.  21.  No  improvement  in  the  symptoms  of  scurvy 
was  noted,  but  on  the  other  hand  the  condition  of  scurry  grew  steadily 
worse  ao  that  the  pig  died  before  the  15  days  feeding  was  completed. 
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DISCUSSION. 

The  rapid  disappearance  of  the  symptoms  of  severe  scurvy, 
substantiated  by  postmortem  findings  and  correlated  with  the 
resumption  of  eating  and  a  rapid  gain  in  weight,  during  the  16 
days  (or  less)  when  the  guinea  pigs  were  fed  the  livers  of  rats 
which  had  for  a  long  period  consumed  a  typical  scurvy  diet,  leaves 
no  doubt  that  this  tissue  with  this  history  is  rich  in  the  antiscor- 
butic factor.  It  was,  in  fact,  effective  in  reUeving  the  symptoms 
of  scurvy  at  such  a  low  level  of  intake  (5  gm.  during  a  period  of  11 
days)  that,  without  the  use  of  larger  numbers  of  animals,  it  could 
not  be  said  that  the  livers  of  the  control  set  of  rats  which  had 
consumed  orange  juice  were  richer  in  this  factor.  This  similarity 
between  the  two  sets  of  rats  in  their  tissue  content  of  antiscor- 
butic factor  is  not  contradicted  by  the  results  in  feeding  the 
muscle  although  the  results  in  this  case  are  indecisive,  since  it 
was  not  possible  during  this  investigation  to  feed  both  at  the 
same  excessively  high  level.  These  results  are  in  agreement  with 
the  instance  cited  by  Smith  (6)  of  the  Arctic  explorer,  Dr.  Kane, 
who  attributed  his  freedom  from  scurvy  during  a  winter  on  ship- 
board in  the  Arctic  regions  to  the  fact  that  he  ate  the  rats  with 
which  the  ship  was  infested.  The  diet  upon  which  these  rats 
Uved  must  have  been  very  low  in  the  antiscorbutic  substance. 

This  demonstration  of  such  considerable  amounts  of  the  anti- 
scorbutic factor  in  the  livers  of  these  rats  disposes  fairly  definitely 
of  the  first  hypothesis  stated;  namely,  that  the  rat  may  not  require 
antiscorbutic  substance  for  its  normal  metabolism.  It  seems 
entirely  improbable  that  the  presence  of  this  factor  in  the  bodies 
of  these  animals  should  be  accidental,  especially  since  the  amoimts 
in  the  bodies  of  the  two  sets  of  rats  approximate  each  other  so 
closely.  A  synthesis  of  this  factor  is  indicated,  both  by  these 
results,  and  by  the  excellent  growth  and  reproduction  obtained 
in  rats  by  the  feeding  of  such  rations  as  Ration  223  B  cited  above, 
in  which  no  constituent  has  been  shown  to  allay  scurvy  symptoms 
in  the  guinea  pig.  Closely  alUed  to  this  hypothesis  of  a  synthesis 
is  the  possibiUty  that  the  rat  can  utiUze  some  slightly  different 
inactive  forms  of  the  antiscorbutic  substance  into  which  the  active 
form  might  theoretically  pass  on  ageing,  drying,  etc.,  and  from 
which  it  might  be  rapidly  changed  in  such  physiological  proc- 
esses as  the  sprouting  of  seeds. 
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An  alternative  explanation  is  that  the  rat  has  a  very  definite 
food  requirement  for  the  antiscorbutic  factor  but  that  this  is 
quantitatively  very  small  in  comparison  with  the  requirement  of 
the  guinea  pig  and  has  been  met  in  this  experiment  by  the  content 
of  the  soy  bean  rations  used.    This  hypothesis  might  explain 
also  the  success  of  such  rations  as  Ration  223  B.    Some  constitu- 
ent of  this  diet  might  presmnably  carry  a  sufficient  quantity  of 
the  antiscorbutic  factor  for  the  requirement  of  the  rat,  but  escape 
detection  in  the  Ught  of  the  much  larger  requirement  of  the  guinea 
pig.     But  if  this  explanation  is  accepted  it  is  surprising  to  find 
such  an  abundance  of  the  factor  in  the  bodies  of  the  rats  fed  on 
the  scorbutic  soy  bean  diet.    It  would  be  logical  to  assume  that 
an  extremely  small  requirement  for  a  food  factor  would  not 
necessitate  the  presence  of  a  relatively  large  supply  of  that 
factor  in  the  body  of  the  animal.    It  is  conceivable  that  the  rat 
has  acquired  not  only  a  lowered  requirement  but  also  a  phenom- 
enal capacity  to  store  the  antiscorbutic  substance  through  a 
biological  adaptation  to  a  food  supply  which  over  long  periods 
of  time  is  very  deficient  in  this  substance.    It  is  not  apparent 
what  relation  the  presence  of  this  factor  in  the  Uver  bears  to  its 
abundance  or  depletion  in  the  rest  of  the  body.     It  is  conceivable 
that  the  Uver  cells  are  so  constituted  that  a  considerable  supply 
of  the  antiscorbutic  factor  may  be  contained  in  them  while  at 
the  same  time  the  content  of  other  tissues  is  below  the  level  at 
which  proper  functioning  is  possible.     It  is  proposed  to  test  this 
point  by  determining  also  the  antiscorbutic  content  of  livers  of 
guinea  pigs  suffering  from  scurvy  as  contrasted  with  the  livers  of 
normal  guinea  pigs.    Until  such  a  determination  is  made,  the  most 
probable  hypothesis  is  to  assume  that  such  a  strikingly  large 
amount  of  the  antiscorbutic  factor  as  has  been  demonstrated  in 
the  Uvers  of  these  rats  indicates  a  satisfactory  content  in  the 
body.    It  remains  to  be  seen  what  amount  of  antiscorbutic  sub- 
stance is  contained  in  the  tissues  of  rats  fed  over  long  periods  of 
'  time  on  adequate  purified  rations,  freed  from  the  antiscorbutic 
factor  as  thoroughly  as  can  be  done  in  the  light  of  our  present 
knowledge.    This  freedom  is  difficult  to  insure,  as  the  guinea  pig's 
requirement  is  so  high  that  it  is  impossible  to  detect  the  presence 
of  traces  of  antiscorbutic  substance  in  their  diet.    In  an  otherwise 
purified  diet  the  material  carrying  the  water-soluble  B  might  be 
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under  suspicion  of  also  carrying  traces  of  the  antiscorbutic  agent. 
The  work  of  Delf  (10)  makes  it  uncertain  also  just  what  degree 
of  heating  would  be  necessary  to  insure  that  no  trace  of  this 
substance  would  be  left  in  a  treated  food. 

Preliminary  experiments  of  an  investigation  aimed  to  test  the 
comparative  amount  of  antiscorbutic  substance  in  eggs  and  in 
newly  hatched  chickens  appear  to  give  some  additional  weight 
to  the  probability  of  a  synthesis  of  antiscorbutic  substance  by 
certain  animal  tissues,  or  a  utilization  of  forms  other  than  those 
available  to  the  guinea  pig, 

SUMMARY. 

1.  A  high  content  of  the  antiscorbutic  substance  is  demon- 
strated in  the  liver  tissue  of  the  rat  not  only  after  feeding  for  a 
short  time  on  a  diet  rich  in  the  antiscorbutic  substance,  but  also 
after  feeding  over  a  long  period  of  time  on  a  typical  scorbutic 
diet. 

2.  These  results  are  offered  as  an  indication  of  the  need  for  the 
antiscorbutic  factor  in  the  normal  metabolism  of  the  rat. 

3.  Possible  sources  in  the  rat's  body  of  the  antiscorbutic  sub- 
stance, such  as  the  presence  of  undemonstrated  amounts  in  the 
food,  utilization  of  a  form  not  available  to  the  guinea  pig,  and  a 
synthesis  of  this  factor  by  the  rat's  tissues,  are  discussed. 
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In  view  of  the  fact  that  it  is  well  demonstrated  that  certain 
species  of  mammals,  as  man,  monkey,  and  guinea  pig,  cannot  be 
adequately  nourished  on  a  diet  which  fails  to  supply  a  sufficient 
amount  of  the  antiscorbutic  substance  (water-soluble  C),  whereas 
the  rat  can  be  nourished  in  a  manner  which  at  least  closely  ap- 
proximates the  normal  during  a  long  period  without  more  than 
possible  traces  of  antiscorbutic  substance,  it  is  of  interest  to  exam- 
ine other  species  in  order  to  find  how  general  among  mammals  is 
their  susceptibility  to  scurvy. 

We  have,  for  example,  seen  young  rats  grow  from  weights  of 
40  to  60  gm.  to  essentially  the  full  adult  size  on  a  diet  of  purified 
protein,  dextrin,  butter  fat,  a  salt  mixture,  and  agar-agar,  supple- 
mented with  an  alcoholic  extract  of  10  gm.  of  wheat  germ  per  100 
gm.  of  ration  to  furnish  the  factor  water-soluble  B.  One  group 
of  such  rats  was  but  slightly  inferior  in  appearance  after  15  months 
on  this  diet.  The  possibility  is  not  excluded  that  these  animals 
received  a  small  amount  of  antiscorbutic  substance  from  the  wheat 
embryo  extract,  but  their  diet  was  one  which  would  not  have 
supplied  sufficient  antiscorbutic  factor  to  prevent  prompt  devel- 
opment of  scurvy  in  a  guinea  pig. 

In  the  preceding  paper  Parsons^  has  discussed  the  problem  of 
the  source  of  the  antiscorbutic  factor  in  the  livers  of  rats  which 
were  fed  during  long  periods  on  diets  which  failed  to  afford  any 
demonstrable  protection  against  scurvy  in  a  guinea  pig.    In  the 
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present  communication  we  desire  to  describe  an  experiment  which 
shows  that  another  rodent,  the  western  prairie  dog  {Cynomyi 
ludovicianus)  y  behaves  like  the  rat  rather  than  the  guinea  pig. 
The  prairie  dog  is  capable  of  growing  during  several  months  and 
remaining  free  from  any  sjrmptoms  of  scurvy  on  a  diet  which 
utterly  fails  to  protect  the  guinea  pig  against  this  disease. 

In  January,  1918,  seven  prairie  dogs  were  secured  from  New 
Mexico  through  the  courtesy  of  the  Bureau  of  Animal  Industry, 
United  States  Department  of  Agriculture.  They  were,  for  want 
of  better  facilities,  kept  in  laboratory  cages  in  a  heated  building. 
Two  litters  of  young  were  secured,  one  of  which  was  lost  through 
accidental  injuries  to  the  mother.  Two  young  from  another  litter 
were  successfully  weaned.  These  were  employed  as  subjects  in 
the  experiment  described  in  this  paper.  One  died  from  digestive 
disturbances  soon  after  the  beginning  of  the  experiment. 

Our  purpose  in  using  these  animals  for  this  study  was  to  com- 
pare them  with  guinea  pigs  in  respect  to  their  susceptibility  to 
scurvy.  We  sought  young  prairie  dogs  for  this  study  because, 
like  the  rat  and  guinea  pigs,  they  are  rodents,  and  of  approxi- 
mately the  same  size  as  the  guinea  pig.  Furthermore,  the  diet 
of  the  prairie  dog,  at  least  during  a  large  part  of  the  year,  consists 
of  succulent  grass  rich  in  antiscorbutic  substance. 

The  animal  which  grew  to  maturity,  and  the  growth  curve  of 
which  is  presented  in  Chart  1,  weighed  18  gm.  when  1  day  old,  and 
at  the  age  of  62  days  weighed  169  gm.  At  this  age  (Period  2)  it 
was  placed  on  a  modification  of  the  soy  bean  flour  diet  f  oimd  by 
Cohen  and  MendeP  to  be  satisfactory  for  inducing  growth  in 
young  guinea  pigs  when  supplemented  with  a  suitable  source  of 
the  antiscorbutic  substance,  but  incapable  without  such  addition 
of  protecting  the  animals  against  the  prompt  development  of 
scurvy.  The  diet  used  was  essentially  like  that  of  Cohen  and 
Mendel,  except  that  it  was  poorer  in  antiscorbutic  substance. 
They  included  in  their  diet  sufficient  rich  Jersey  milk  to  furnish 
6  per  cent  butter  fat.  We  replaced  the  milk  in  our  diet  by  5  per 
cent  purified  butter  fat  and  soy  bean  flour. 

Although  this  diet  would  lead  to  the  development  of  scurvy  in 
the  guinea  pig  in  2  to  3  weeks,  the  young  prairie  dog  in  our 

*  Cohen,  B.,  and  Mendel,  L.  B.,  /.  Biol.  Chem.,  1918,  xxrv,  426. 
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Chart  1.  The  long  growth  curve  in  the  chart  ahowB  the  history  of  a 
yoimg  prairie  dog.  Period  1  represents  the  period  of  nursing,  to  independ- 
ence in  diet.  In  Period  2  the  animal  was  fed  a  diet  consisting  of  cooked 
soy  bean  meal  S4.0,  sodium  chloride  3.0,  calcium  lactate  3.0,  dried  yeast 
3.0,  butter  fat  5.0,  and  filter  paper  2.0  per  cent.  Tbia  diet  contains  too 
little  antiscorbutic  substance  to  be  demonatrated  with  a  guinea  pig.  On 
this  diet  the  animal  grew  during  Q  months  from  a  weight  of  160  to  690  gm. 
After  this  time  there  was  very  little  growth  on  -this  diet.  There  is  the 
possibility  that  the  hibernating  instinct  was  in  part  responsible  for  the 
cessation  of  growth  which  occurred  about  December  1. 

The  animal  was  photographed  at  the  point  marked  by  an  asterisk.  In 
order  to  determine  whether  the  cessation  of  growth  was  due  to  lack  of  the 
antiscorbutic  factor  in  the  food,  7  to  0  gm.  of  peeled  orange  were  given 
daily  during  3  weeks,  but  the  animal  declined  40  gm.  in  weight  during  the 
period.  In  Period  4  the  orange  was  omitted  and  1  per  cent  cod  liver  oil 
was  introduced  into  the  diet.  This  modification  did  not  arrest  decline.  In 
Period  5  the  diet  was  changed  to  a  mixture  of  grains  and  dried  buttermilk, 
ftnd  after  4  days  5  gm,  of  green  grass  were  given  every  few  days.  On  this 
diet  the  prairie  dog  began  promptly  to  gain  in  weight  and  continued  to 
grow.     During  the  followingfimonths  the  animal  grew  from 604  to  1,195  gm. 

The  behavior  of  the  animal  in  Period  2  on  a  scorbutic  diet  shows  that 
this  species  is  able  to  grow  rapidly  from  nine  to  twelve  times  the  interval 
necessary  for  the  development  of  scurvy  in  the  guinea  pig  on  the  same 
diet.  At  no  time  during  the  experiment  did  the  prairie  dog  manifest  any 
symptoms  of  scurvy. 
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experiment  grew  well  on  it  during  a  period  of  6  months.  At  the 
end  of  this  time  it  showed  no  signs  of  scurvy  but  became  lethargic 
and  had  a  poor  appetite.  This  was  probably  due  in  part  at  least 
to  its  hibernating  instinct,  for  the  cessation  of  growth  happened 
about  December  1.  By  March  1,  however,  the  animal  was  awake 
and  active,  but  did  not  resume  growth.  In  order  to  discover 
whether  this  could  be  due  to  the  lack  of  the  antiscorbutic  sub- 
stance it  was  given  7  to  9  gm.  daily  of  peeled  orange.  It  did  not 
at  this  time  show  any  symptoms  of  scurvy.  It  declined  about  40 
gm.  in  weight  during  3  weeks  while  receiving  the  orange,  which 
seemed  sufficient  evidence  that  the  decline  was  not  due  to  the  lack 
of  this  dietary  factor.  The  orange  was  then  discontinued,  and  1 
per  cent  of  cod  liver  oil  was  included  in  the  diet  during  the  next 
12  days,  but  this  change  did  not  arrest  the  decline.  The  animal 
was  then  changed  to  a  ration  consisting  of  mixed  grains  and  dried 
buttermilk,  and  was  given  small  amounts  of  green  grass  at  inter- 
vals of  a  few  days.  •  It  began  to  increase  in  weight  within  a  week, 
and  at  the  age  of  nearly  19  months  weighs  1,195  gm.,  whereas 
it  weighed  700  gm.  at  its  highest  point  reached  while  fed  the 
scorbutic  diet.  At  the  time  of  writing  this  paper  (September  21) 
the  animal  is  again  beginning  to  appear  drowsy  and  takes  less 
than  the  usual  amount  of  food. 

The  following  explanations  might  be  brought  forward  to  account 
for  the  arrest  in  growth  about  December  1:  (1)  Lack  of  anti- 
scorbutic substance;  (2)  instinct  to  hibernate  at  this  season  of 
the  year;  and  (3)  some  other  fault  in  the  diet. 

The  first  of  these  possible  explanations  seems  satisfactorily  dis- 
posed of  by  the  failure  of  the  animal  to  respond  to  3  weeks  feeding 
of  orange  juice. 

Givens  and  Cohen'  found  a  diet  similar  to  that  of  Cohen  and 
Mendel,  consisting  of  soy  bean  flour  76.3;  milk  soUds  11.4;  dried 
yeast  2.9;  paper  2.9;  calcium  lactate  2.9;  sodium  chloride  2.9  per 
cent,  to  be  satisfactory  for  the  growth  of  rats  to  maturity,  but 
these  rats  failed  to  rear  the  young  which  were  born.  There  can 
be  no  doubt  that  the  food  supply  of  our  prairie  dog,  which  was 
similar  to  their  diet  except  that  about  7  to  8  per  cent  of  the  non- 
fat solids  of  the  milk  was  replaced  by  soy  bean  flour,  was  inferior 
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in  its  nutritive  value  to  theirs.  This  substitution  was  made  for 
the  purpose  of  eliminating  a  known  source  of  antiscorbutie 
substance. 

The  record  of  our  prairie  dog  is  of  interest  because  it  shows  that 
this  species  is  capable  of  growing  for  a  period  of  6  months  on  a 
scorbutic  diet.  This  is  equivalent  to  nine  to  twelve  times  the 
interval  that  is  necessary  for  the  development  of  scurvy  in  the 
guinea  pig. 


EXPLANATION   OF    PLATES. 

Plate  2. 

Figs.  1  and  2.  The  photographs  were  taken  February  20,  1920.  The 
animal  had  then  been  on  the  scorbutic  diet  263  days.  About  Decem- 
ber I  it  ceased  to  grow,  but  remained  in  good  condition  and  at  its 
maximum  weight  up  to  the  time  of  taking  these  pictures.  These  photo- 
graphs, therefore,  show  the  excellent  nutrition  of  the  animal  about  the 
time  when  orange  juice  was  introduced  in  the  diet. 

Plate  3. 

Figs.  3  and  4.  These  photographs  were  taken  September  19,  1920,  after 
the  animal  had  been  on  a  mixed  diet  containing  small  amount ti  of  grass  for 
153  days.  Fig.  4  shows  a  marked  accumulation  of  fat.  This  is  probably 
sufficient  to  account  for  most  of  the  gain  in  weight  which  followed  the 
change  from  the  scorbutic  diet  to  the  mixed  diet  containing  the  grass. 


w 


JOURNAL  or  BIOLOOICAL  CBEMISTRT,  VOL.  XUV,  NO.  2 


HE  JOUfMAl.  O^  «  CUS3.CA.  3-eW  r"^-    tTL  »:-  ■*  n-»T 


URNAL  OF  BIOLOGICAL  CHEMISTRY,  VOL.  XLIV.  PLATE  3 


INDEX  TO  VOLUME  XLIV. 


^CETALDEHYDE,     production 
by  certain  pcntose-fennenting 
bacteria,  29 
-Acetone    production    by    Bacillus 
acetoethylicumf     certain     influ- 
encing factors,  465 

Acid,  carbonic,  and  sodium  bicar- 
bonate (COj  ratio),  alteration 
in  the  blood  during  elevation  of 
body  temperature,  131 

,  inosite  phosphoric,  of  plants, 

429 

Acids,  amino-,  from  the  globulin  of 
the  coconut  as  determined  by 
the  butyl  alcohol  extraction 
method  of  Dakin,  283 

, ,  of  gelatin,  499 

Alcohol,  butyl,  extraction  method 
of  Dakin,  determination  of 
some  amino-acids  from  the 
globulin  of  the  coconut,  2S3 

Aldrich,  Martha.  See  Devis  and 
Aldrich,  203 

Alkali  reserve  of  marine  fish  and 
invertebrates.  The  excretion 
of  carbon  dioxide,  329 

Alkaline  reserve  of  the  ho<lv,  at- 
tempt  toward  the  dctennina- 
tion,  211 

Amino-acids  from  the  globulin  of 
the  coconut  as  determined  by 
the  butyl  alcohol  extraction 
method  of  Dakin,  283 

of  gelatin,  499 

Anderson,  R.  J.  Composition  of 
inosite  phosphoric  acid  of 
plants.  Seventeenth  paper  on 
phytin,  429 

Anemia,  acute,  lipemia,  363 


Antiberi-beri  vit amine,  a  test  and 
its  practical  application,  487 

Antineuritic  substance,  study  of 
the  factors  which  interfere  with 
the  use  of  yeast  as  a  test  organ- 
ism, 113 

Antiscorbutic  content  of  certain 
body  tissues  of  the  rat,  587 

requirement  of  the  prairie  dog, 

603 

substance,  persistence  in  the 

liver  of  the  rat  after  long  inter- 
vals on  a  scorbutic  diet,  587 

Arzberger,  C.  F.,  Peterson,  W. 
H.,  and  Fred,  E.  B.  Certain 
factors  that  influence  acetone 
production  by  Bacillus  aceto- 
cthylicum,  465 

Autolysis,  effect  of  certain  colloids, 
553 

studies,  553 

^ACILLIS  acetoethylicum,  cer- 
tain factors  that  influence  ace- 
tone production,  465 

Bacteria,  production  of  acetalde- 
hyde  by  certain  pentose-fer- 
menting,  29 

Bailey,  C.  H.,  and  Gurjar,  A.  M. 
Respiration  of  cereal  plants 
and  grains.  11.  Respiration  of 
sprouted  wheat,  5  III.  Res- 
piration of  rice  paddy  and 
milled  rice,  9  IV.  The  respira- 
tion of  frosted  wheat  plants,  13 
V.  Note  on  the  respiration  of 
wheat  plants  infected  with 
wheat  rust,  17 

Bean,  mung,  Phaseolus  aureus  Rox- 
burgh, some  proteins  from,  303 


009 


610 


Index 


Bean,  velvet,  dihydroxyphenylala- 
nine,  a  constituent  of,  481 

Beans,  navy,  and  carrots,  effect  of 
cooking  on  the  waternsoluble 
vit  amine,  159 

Bell,  Richard  D.,  and  Doisy, 
Edward  A.  Rapid  colorimetric 
methods  for  the  determination 
of  phosphorus  in  urine  and 
blood,  55 

Blood,  alteration  of  the  COj  ratio 
(H,CO, :  NaHCO,)  during  eleva- 
tion of  body  temperature,  131 

and  urine,  rapid  colorimetric 

methods  for  the  determination 
of  phosphorus,  55 

corpuscles,    permeability    to 

sugar,  563 

,  diastatic  ferments,  455 

,  estimation  of  chlorides,  47 

fat,  345,  363 

constituents  of  rabbits 


under  normal  conditions,  vari- 
ation, 345 

,  note  on  the  preservation  of 

specimens  intended  for  blood 
sugar  determinations,  203 

BoDANSKY,  Meter.  Biochemical 
studies  on  marine  organisms. 
The  occurrence  of  zinc,  399 

.    See  Rose  and  Bodansky,  99 

Body,  attempt  -toward  the  deter- 
mination of  the  total  alkaline 
reserve,  211 

temperature,  alteration  of  the 

CO,  ratio  (H,CO,:NaHCO0  in 
the  blood  during  elevation,  131 

tissues  of  the  rat,  antiscorbutic 

content,  587 

Bradley,  H.  C,  and  Felsher,  H. 
Studies  of  autolysis.  VI.  Ef- 
fect of  certain  colloids  upon 
autolysis,  553 

Brain  tissue,  freed  from  cholesterol, 
influence  upon  the  growth  of  the 
white  mouse,  439 


Butyl  alcohol  extraction  method  of 
Dakin,  determination  of  some 
amino-acids  from  the  globulin 
of  the  coconut,  283 

r^ABBAGE  and  onion,  wat«r-flolu- 
ble  B,  175 

Calcium  requirement  of  mainte- 
nance in  man,  21 

Cameron,  A.  T.,  and  Hollenberg, 
M.  S.  The  nature  of  chlorine 
combination  in  urine,  239 

Carbohydrate  metabolism  and  dia- 
betes, experiments,  563 

Carbon  dioxide  excretion,  effect  on 
alkali  reserve  of  marine  fish 
and  invertebrates,  329 

ratio  (H,CO,:  NaHCO,)  in 

the  blood  during  elevation  of 
body  temperature,  alteration, 
131 

Carbonic  acid  and  sodium  bicarbon- 
ate (COs  ratio),  alteration  in 
the  blood  during  elevation  of 
body  temperature,  131 

Carrots  and  navy  beans,  effect  of 
cooking  on  the  water-soluble 
vitamine,  159 

Cereal  plants  and  grains,  respira- 
tion, 5,  9,  13,  17 

Chlorides  in  blood,  estimation,  47 

Chlorine  combination  in  urine,  239 

Cholesterol  content  of  the  serum 
in  pnemnonia,  variation,  215 

,  influence  upon  the  growth  of 

the  white  mouse  of  brain  tissue 
freed  from,  439 

Coconut,  amino-acids  from  the 
globulin  as  determined  by  the 
butyl  alcohol  extraction  method 
of  Dakin,  283 

,  Cocos  nudferaf  hydrolysis  of 

the  globulin,  291 

Cocos  nuciferaf  coconut,  hydrolysis 
of  the  globulin,  291 

Colli  p,  J.  B.  The  alkali  reserve 
of    marine    fish    and    inverts- 


Index 


611 


bratcB.  The  excretion  of  car- 
bon dioxide,  329 

Colloids,  certain,  effect  upon  autol- 
ysis, 553 

Colorimetric  methods,  rapid,  for 
the  determination  of  phos- 
phorus in  urine  and  blood,  55 

CONXLIN,    RXTTH   £.      SeC^MATTILL 

and  GoNKUN,  137j 

Copper  occurrence  in  marine  organ- 
isms, 99 

Com,  skimmed  milk  as  a  supple- 
ment in  feeding,  1 

Corpuscles,  blood,  permeability  to 
sugar,  563 

i3AKIN,  H.  D.  Amino-acids  of 
gelatin,  499 

Dakin's  butyl  alcohol  extraction 
method,  determination  of  some 
amino-acids  from  the  globulin 
of  the  coconut,  283 

Daniels,  Amy  L.,  and  Louqhlin, 
RosEMABT.  A  deficiency  in 
heat-treated  milks,  381 

Denis,  W.,  and  Aldrich,  Martha. 
Note  on  the  preservation  of 
specimens  of  blood  intended  for 
blood  sugar  determinations,  203 

Determination  of  chlorides  in  blood, 
47 

phenolic   substances   in 

urine,  409 

phosphorus  in  urine  and 

blood,  rapid  colorimetric  meth- 
ods, 55 

some   amino-acids   from 

the  globulin  of  the  coconut  by 
the  butyl  alcohol  extraction 
method  of  Dakin,  283 

total  alkaline  reserve  of 

the  body,  attempt,  211 

vitamine,    quantitative 

method  in  connection  with 
determinations  of  vitamine  in 
glandular  and  other  tissues,  531 


Determinations,  blood  sugar,  note 
on  the  preservation  of  blood 
intended  for,  203 

Diabetes  and  carbohydrate  metab- 
olism, 563 

Dialysis  or  ext  action,  continuous, 
apparatus,  207 

Diastase  in  the  sweet  potato  in 
relation  to  the  preparation  of 
sweet  potato  syrup,  19 

Diastatic  ferments  of  the  blood,  455 

Diet,  effect  on  the  excretion  of  indi- 
can  and  the  phenols,  69 

,  scorbutic,  persistence  of  the 

antiscorbutic  substance  in  the 
liver  of  the  rat  after  long  inter- 
vals on,  587 

Diets  deficient  in  water-soluble  (B) 
vitamine,  metabolism  studies, 
277 

Dihydroxyphenylalanine,  a  constit- 
uent of  the  velvet  bean,  481 

DoiSY,  Edward  A.  See  Bell  and 
DoisY,  55 

DuBiN,  Harry  E.  See  Funk  and 
DuniN,  487 

17MBRY0NIC  livers,  fat  content. 


213 


Excretion  of  carbon  dioxide,  effect 
on  iilkali  reserve  of  marine  fish 
and  invertebrates,  329 

indican  and  the  phenols, 

effect  of  diet,  09 

Extraction  luetliod  of  Dakin,  butyl 
alcohol,  determination  of  some 
amino-acids  from  tiie  *;lr)})nlin 
of  the  coconut,  283 

or  dialysis,  continuous,  api)a- 

ratus,  2U7 

JTAT,  blood,  345,  303 

,  ,  constituents  of  rabbits 

under  normal  conditions,  vari- 
ation, 345 


612 


Index 


Fat  content  of  embryonic  livers,  243 
Feeding,  skimmed  milk  as  a  supple- 
ment to  com,  1 
Felbheb,   H.    See   Bbadlet   And 

Felsheb,  553 
Ferments  of  the  blood,  diastatic,  455 
Fbed,  £.  B.     See  Arzbebqeb,  Pb- 
TBBSON,  and  Fbed,  465 

.    See  Petebson  and  Fbed,  29 

Funk,  Casimib,  and  Dubin,  Habbt 
E.  A  test  for  antiberi-beri 
vitamine  and  its  practical  appli- 
cation, 487 

QELATIN  amino-acids,  499 

Glandular  and  other  tissues,  quan- 
titative method  for  determina- 
tion of  vitamine  in  connection 
with  determinations  of  vita- 
mine in,  531 

Globulin  of  the  coconut,  amino- 
acids  as  determined  by  the 
butyl  alcohol  extraction  method 
of  Dakin,  283 

,  Cocos  nvtcifera^ 

hydrolysis,  291 

Gore,  H.  C.  Occurrence  of  dia- 
stase in  the  sweet  potato  in 
relation  to  the  preparation  of 
sweet  potato  syrup,  19 

Graham,  S.  G.  See  Imrie  and 
Graham,  243 

Grains  and  cereal  plants,  respira- 
tion, 5,  9,  13,  17 

Growth,  experimental  studies,  439 

of  the  white  mouse,  influence  of 

brain  tissue,  freed  from  choles- 
terol, 439 

Gurjar,  a.  M.  See  Bailey  and 
Gurjar,  5,  9,  13,  17 

fjAGGARD,  Howard  W.  Hem- 
ato-respiratory  functions.  VI. 
The  alteration  of  the  CO2  ratio 
(HsCOarXallCO,)  in  the  blood 
(luring  elevation  of  body  tem- 
perature, 131 


Habbo,  H.  G.    See  Pbenttce,  Lund, 

and  Habbo,  211 

Habt,  E.  B.,  and  Humphbey,  G.  G. 

Gan    ''home    grown    rations" 

supply    proteins    of    adequate 

quality  and  quantity  for  high 

^    milk  production.    II,  189 

Heat-treated  milks,  deficiency,  381 

Hemato-respiratory  functions,  131 

Hollbnbebo,  M.  S.    See  Gamebon 

and  HoLiiENBEBQ,  239 
HoBiucHi,  Yajibo.  Studies  on 
blood  fat.  I.  Variation  of  the 
blood  fat  constituents  of  rab- 
bits under  normal  conditions, 
345  II.  Lipemia  in  acute  an- 
emia, 363 

Humphbey,  G.  G.    See  Habt  and 

Humphbey,  189 
Hydrolysis  of  the  globulin  of  the 

coconut,  Cocos  nudferaf  291 

JMRIE,  C.  G.,  and  Gbaham,  S.  G. 

The  fat  content  of  embryonic 

livers,  243 
Indican  and  the  phenols,  effect  of 

diet  on  the  excretion,  69 
Inosite  phosphoric  acid  of  plants, 

429 

JOHNS,  Carl  O.,  and  Jones,  D. 
Bbeese.  Some  amino-acids 
from  the  globulin  of  the  coconut 
as  determined  by  the  butyl  alco- 
hol extraction  method  of  Dakin, 
283 

,   and  Watebman,   Henry   C. 

Some  proteins  from  the  mung 
bean,  Phaseolus  aureus  Rox- 
burgh, 303 

.    See  Jones  and  Johns,  291 

Jones,  D.  Brbbse,  and  Johns,  Carl 
O.  Hydrolysis  of  the  globulin 
of  the  coconut,  Cocos  nucxferay 
291 

.    See  Johns  and  Jones,  283 


Index 


613 


J^ARR,  Walter  G.    Metabolism 
studies  with  diets  deficient  in 

water-soluble  (B)  vitamine,  277 
.    Some  effects  of  water-soluble 

vitamine  upon  nutrition,  255 
Kipp,  Habold  a.    Variation  in  the 

cholesterol  content  of  the  serum 

in  pneumonia,  215 

I.EWIS,  D.  ScLATEB,  and  Mason, 
Edward  H.  The  diastatic  fer- 
ments of  the  blood,  455 

Lipemia  in  acute  anemia,  363 

Liver  of  the  rat,  persistence  of  the 
antiscorbutic  substance  after 
long  intervals  on  a  scorbutic 
diet,  587 

Livers,  fat  content  of  embryonic, 
243 

LouoHUN,  Rosemary.  See  Dan- 
iels and  LoUGHLiN,  381 

Lund,  H.  O.  See  Prentice,  Lund, 
and  Harbo,  211 

Lynch,  Vernon.  Chemistry  of  the 
whitefish  sperm,  319 

jyjAINTENANCE  in  man,  cal- 
cium requirement,  21 

Mann,  Hubert.  An  apparatus  for 
continuous  dialysis  or  extrac- 
tion, 207 

Mason,  Edward  H.  See  Lewis 
and  Mason,  455 

Mattill,  H.  a.,  and  Conklin, 
Ruth  E.  The  nutritive  prop- 
erties of  milk,  with  special  ref- 
erence to  reproduction  in  the 
albino  rat,  137 

McCollum,  E.  v.,  and  Parsons, 
Helen  T.  The  antiscorbutic 
requirement  of  the  prairie  dog, 
603 

.    See  SouzA  and  McCollum, 

113 

Mendel,  Lafayette  B.  See  Os- 
bobne  and  Mendel,  1 


Metabolism,  carbohydrate,  and  dia- 
betes, experiments,  563 

studies  with  diets  deficient  in 

water-soluble  (B)  vitamine,  277 

Method  of  Dakin,  butyl  alcohol 
extraction,  determination  of 
some  amino-acids  from  the 
globulin  of  the  coconut,  283 

,  quantitative,  for  the  deter- 
mination of  vitamine  in  connec- 
tion with  determinations  of 
vitamine  in  glandular  and  other 
tissues,  531 

Methods,  rapid  colorimetric,  for 
the  determination  of  phospho- 
rus in  urine  and  blood,  55 

Milk,  nutritive  properties,  with 
special  reference  to  reproduc- 
tion in  the  albino  rat,  137 

production,  high,  can  "home 

grown  rations''  supply  proteins 
of  adequate  quality  and  quan- 
tity, 189 

,  skimmed,  as  a  supplement  to 

corn  in  feeding,  1 

Milks,  deficiency  in  heat-treated, 
381 

Milleb,  Elizabeth  W.  The  effect 
of  cooking  on  the  water-solu- 
ble vitamine  in  carrots  and  navy 
beans,  159 

Milleb,  Emebson  R.  Dihydroxy- 
phenylalanine,  a  constituent  of 
the  velvet  bean,  481 

Myebs,  Victob  C,  and  Shobt, 
James  J.  The  e  timation  of 
chlorides  in  blood,  47 

J^UTRITION,  some  effects  of 
water-soluble  vitamine,  255 

Nutritive  properties  of  milk,  with 
special  reference  to  reproduc- 
tion in  the  albino  rat,  137 

QNION  and  cabbage,  water-solu- 
ble B,  175 


614 


Index 


Osborne,  Thomab  B.,  and  Mendbl, 
Lafayette  B.  Skimmed  milk 
as  a  supplement  to  com  in  feed- 
ing, 1 

pARSONS,  Helen  T.  The  anti- 
scorbutic content  of  certain 
body  tissues  of  the  rat.  The 
persistence  of  the  antiscorbutic 
substance  in  the  liver  of  the  rat 
after  long  intervals  on  a  scor- 
butic diet,  587 

.  See  McCoLLUM  and  Par- 
sons,   603 

Pentose-fermenting  bacteria,  pro- 
duction of  acetaldehyde,  29 

Permeability  of  blood  corpuscles  to 
sugar,  563 

Peterson,  W.  H.,  and  Fred,  E.  B. 
The  production  of  acetalde- 
hyde  by  certain  pentose-fer- 
menting bacteria,  29 

.    See  Arzberoer,  Peterson, 

and  Fred,  465 

Phaseolus  aureus  Roxburgh,  mung 
bean,  some  proteins  from,  303 

Phenolic  substances  in  urine,  esti- 
mation, 409 

Phenols  and  indican,  effect  of  diet 
on  the  excretion,  69 

Phosphoric,  inosite,  acid  of  plants, 
429 

Phosphorus  in  urine  and  blood, 
rapid  colorimetric  methods  for 
the  determination,  55 

Phytin,  429 

Pneumonia,  variation  in  the  cho- 
lesterol content  of  the  serum, 
215 

Potato,  sweet,  occurrence  of  dias- 
tase in  relation  to  the  prepa- 
ration of  sweet  potato  syrup,  19 

Prentice,  W.,  Lund,  H.  O.,  and 
Harbo,  H.  G.  An  attempt  to- 
ward the  determination  of  the 
total  alkaline  reserve  of  the 
body, 211 


Preservation  of  specimens  of  blood 
intended  for  blood  sugar  deter- 
minations, note,  203 

Proteins  from  the  mung  bean,  Pha- 
seolus aureus  Roxburgh,  303 

of  adequate  quality  and  quan- 
tity for  high  milk  productiop, 
can  ''home  grown  rations"  sup- 
ply, 189 

R  AY,  L.  A.    See  Robertson  and 
Ray,  439 

Reproduction  in  the  albino  rat,  nu- 
tritive properties  of  milk,  with 
special  reference  to,  137 

Reserve,  alkali,  of  marine  fish  and 
invertebrates.  The  excretion 
of  carbon  dioxide,  329 

,  total  alkaline,  of  the  body, 

attempt  toward  determination, 
211 

Respiration  of  cereal  plants  and 
grains,  5,  9,  13,  17 

frosted  wheat  plants,  13 

rice   paddy   and   milled 

rice,  9 

sprouted  wheat,  5 

wheat  plants  infected  with 


stem  rust,  note,  17 

Respirator>'-hemato  functions,  131 

Rice  paddy  and  milled  rice,  respi- 
ration, 9 

Robertson,  T.  Brailsford,  and 
Ray,  L.  a.  Experimental 
studies  on  growth  XVI.j|The 
influence  of  brain  tissue,  freed 
from  cholesterol,  upon  the 
growth  of  the  white  mouse,  439 

Rose,  William  C,  and  Bodansky, 
Meyer.  Biochemical  studies 
on  marine  organisms.  I.  The 
occurrence  of  copper,  99 

Rust,  stem,  note  on  the  respiration 
of  wheat  plants  infected,  17 


Index 


615 


[CORBUTIC  diet,  persistence  of 
the  antiscorbutic  substance  in 
the  liver  of  the  rat  after  long 
intervals  on,  587 

Serum  in  pneumonia,  variation  in 
the  cholesterol  content,  215 

Sherman,  H.  C.  Calcium  require- 
ment of  maintenance  in  man,  21 

Short,  James  J.  See  Mters  and 
Short,  17 

Simpson,  George  Eric.  See  Un- 
DERHiLL  and  Simpson,  69 

Sodium  bicarbonate  and  carbonic 
acid  (CO2  ratio),  alteration  in 
the  blood  during  elevation  of 
body  temperature,  131 

SouzA,  Gerald  A  de  Paula,  and 
MrCoLLUM,  E.  V.  A  study  of 
the  factors  which  interfere  with 
the  use  of  yeast  as  a  test  organ- 
ism for  the  antincuritic  sub- 
stance, 113 

Sperm,  chemistry  of  the  whitefish, 
319 

Sugar,  blood,  note  on  th<»  i)ro.scr\'a- 
tion  of  specimens  of  bloi)d  in- 
tended for  (h^torminations,  203 

,  permeability  of  bh)od  cor- 
puscles to,  563 

Swoboda,  Frkdkrk'k  K.  A  quan- 
titative method  for  the  deter- 
mination of  vitaminc  in  con- 
nection with  determinations  of 
vitaminc  in  glandular  and  other 
tissues,  531 

TEMPERATURE,  body,  altera- 
ation  of  the  CO2  ratio  (II2CO3: 
NaHCO  )  in  the  blood  during 
elevation,  131 

Test  for  antiberi-bori  vitaminc  and 
its  practical  application,  487 

organism,    study    of    factors 

which  interfered  with  the  use  of 
yeast  for  the  antincuritic  sub- 
stance, 113 


T18DALL,  Frederick  F.  Estima- 
tion of  the  phenolic  substances 
in  urine,  409 

Tissue,  brain,  freed  from  choles- 
terol, influence  upon  the  growth 
of  the  white  mouse,  439 

Tissues,  body,  of  the  rat,  antiscor- 
butic content,  587 

,  glandular  and  other,  quanti- 
tative method  for  determina- 
tion of  vitamine  in  connection 
with  determinations  of  vita- 
mine  in,  531 

IJNDERniLL,    Frank    P.,    and 
Simpson,  George  Eric.    The 

effect  of  diet  on  the  excretion  of 

indican  and  tlie  ])henols,  69 
Urine  and  blood,  rapid  colorimetric 

methods  for  the  determination 

of  phosphorus,  i)5 
,    estimation    of    the    phenolic 

substances,  4'^9 
♦   nature  of  chlorine  combina- 


tion, 239 

yiTAMIXE,  antiberi-beri,  a  test 
and  its  practical  application, 
4S7 

,  antincuriticj  study  of  the  fac- 
tors which  interfere  with  the 
use  of  yeast  as  a  test  organism, 
113 

,  quantitative  method  in  con- 
nection with  determinations  of 
vitamine  in  glandular  and  other 
tissues,  531 

,  water-sohible  li,   in  cabbage 

and  onion,  175 

,  (B),  metabolism  studies 

with  diets  deficient  in,  277 

, ,  in  carrots  and  navy  beans, 

effect  of  cooking,  159 

, ,  some  effects  upon  nutri- 
tion, 255 


1 


616 


Index 


'yyATERMAN,    Henry    C.    See 

Johns  and  Waterman,  303 
Water-soluble  B    in    cabbage  and 

onion,  175 
(B)     vitamine,     metabolism 

studies  with  diets  deficient  in, 

277 
vitamine  in  carrots  and  navy 

beans,  effect  of  cooking,  159 
-,  some  effects  upon  nutri- 


tion, 255 
Wheat  plants  infected  with  stem 

rust,  respiration,  note,  17 

,  respiration  of  frosted,  13 

,  respiration  of  sprouted,  5 


Whipple,  Bertha  K.  Water-solu- 
ble B  in  cabbage  and  onion,  175 

Wish  ART,  Mary  B.  Experiments 
on  carbohydrate  metabolism 
and  diabetes.  III.  The  p^« 
meability  of  blood  corpuscles 
to  sugar,  563 

Y^EAST  as  a  test  organism  for  the 
antineuritic  substance,  study 
of  the  factors  which  interfere 
with  the  use,  113 

2lNC  occurrence  in  marine  organ- 
isms, 399 


RETURN     CHEMISTRY  LIBRARY 

TO^*-     1 00  Hildebrond  Hall 

642-3753 

LOAN  PERIOD  1 

2 

3 

4 

5 

b 

ALL  BOOKS  MAY  BE  RECALLED  AFTER  7  DAYS 

Renewoble  by  telephone 

DUE  AS  STAMPED  BELOW 

FORI*  NO.  DOS,  2.5M,  3/78  BtWdVW  .CAin^O  ^ 


iir. 

1 1 


HFRKtirv  LIlU^ARiK 


I  nil 


I!   II 


nil 


CD3bMm3Sa 


